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ABSTRACT

Shelter incentive programs of the past are reviewed

and eleven candidate programs constructed for encouraging

the incorporation of multi-hazard shelter in the basements
of new buildings. Projections of new construction and in-

centive behavior are made, leading to a pr' ferred program

design based on a flat incentive payment scheme.
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DETACHABLE SUMMARY

This report contains the objectives and concepts of multi-hazard

shelter incentive programs, describes the data sources and methodology

used to estimate the probable performance and cost of eleven alternative

shelter incentive programs, and presents conclusions and recommendations.

"The basic concept of these programs is to incorporate shelter protec-

tion into the design of new buildings and other construction either by various

* direct and indirect payment incentives or by both. Prior 2pproaches of this

type both in the U.S. and in foreign countries are reviewed to expand and

define the concept. Proprietary construction and building permit data are

reviewed and reconciled to establish an "average year" rate of slanrable

construction. These data are further refined to exhibit the characteristics

of slantable copv-truction inside and outside urbanized areas. A working

assumption is made that all-effects shelter would be specified in urbanized

areas and fallovt shelter elsewhere. The results are exhibited in Tqbles

S.1 and S.2.

Shelter design methodology and shelter costs as of 1983 have been reviewed.

., Balanced designs for all nuclear weapons effects at 15, 20, and 30 psi blast

.* overpressure from a 1-Megaton surface burst and for PF 40 and PF 100 fallout

protection are considered before settling on 30 psi and PF 100 for costing

purposes. Complete shelter standards are pro-ided in an appendix to the

report. Current unit costs for all-3ffects shelter are estimated at from

$23 to $30 per square foot, varying inversely with shelter size. Costs

for PF 100 fallout protection in new building basements is estimated at $5

per square foot. These costs are additional costs over normal project costs.

A variety of incentive options are analyzed for application to a shelter

-" progran. Eleven alternative ahelter incentive programs are presented that
demonstrate the options. Five programs are mandatory in nature and the remainder

-. are voluntary. One program, No. 7, is the only candidate program designed

to make participation in the program a profitable venture. The eleven programs
are rank-ordered in Table S.3 firet by estimated shelter yield and, for iden-
tical yields, by program cost. A preferred program is p:oposed that consists
of Programs I and 10 for the first two years to gain cost experience, followed

"* by Program 7 for four years.
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SECTION I

INTRODUCTION TO PROGRAM CONCEPTS

1.1 Multi-Hazard Shelter

The Federal Emergency Management Agency (FEMA) is responsible for enhanc-

ing population preparedness against the entire range of peacetime and wartime

hazaras that pose potential threats to the lives of U.S. citizens. One of the

most important protective measures is sheltering. Sheltering and evacuation

are the two principal lifesaving measures that can be taken to enhance popula-

"tion preparedness.

FEMA publication CPG 1-34 identifies and describes 21 "most common"

hazards.I They are:

Natural Hazards Technological/Manmade Hazards

Avalanche Attack (Nuclear or Conventional)

Drcught Civil Disorder

Earthquake Dam Failure

Flood Hazardous Materials Incident

Hurricane Hazmat Transportation Incident

Landslide Nuclear Facility Incident

Tornado Power Failure

Tsunami Subsidence

Volcano Transportation Accident

Wildfire Urban Fire

Winter Storm

Some of these hazards are best protected against by sheltering; others by

evacuation. Of course, hazards that impact without warning can be mitigated

only by all:ering the normal environment so that hazards are less threatening

to life. If we define "shelter" as a protective room or space, nearby or part

but not all of the nornal environment, then sheltering is the preferred measure

against certain hazards, is suitable in certain circumstances for others, and

is not considered appropriate for still others.

Multihazard shelter is believed to be the preferred lifesaving measure

against the following common hazards:

Attack (Nuclear or Conventional)

Civil Disorder (Gunfire, Terrorist Threat)
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Hazardous Materials Incident

High Winds (Hurricanes or Tornadoes)

Nuclear Facility Incident

Winter Storm

All of the above provide a basis for ample warning to seek shelter. Multi-

hazard shelter can be designed to provide the necessary protection. Note that

the present emphasis on evacuation around nuclear power plants is necessitated

by a lack of multihazard shelter, not a preference for evacuation.

The following hazards on the FEMA list could be protected against by

multihazard shelter under certain circumstances:

Earthquake (against aftershocks or if warning is achieved)

Flood (vertical evacuation in storm surge areas or by berming the

ground floor to above flood stage)

Urban Fire (if evacuation is not feasible)

Multihazard shelter Is not considered an appropriate lifesaving measure

against such hazards as:

Avalanche Drought Dam Failure

Hazmat Transportation Incident

Landslide Power Failure Tsunzai

Subsidence Volcano Wildfire

Transportation Accident

1.2 All-Effects Shelter

The provision of public shelter against coimon hazards has not been considered

seriously in the United States, except for those associated with nuclear attack.

At the individual family level, only shelters against tornadoes, called tornado

cellars, have been widely adopted in certain mid-western States where tornadoes

are especially prevalent. Tornado safety rules promulgated by the U.S. Depart-

ment of Commerce 2 urge that the public "seek Inside shelter, preferably in a

tornado cellar, underground excavation, or a steel-framed or reinforced concrete

building of substantial construction. Stay away from windows!" In enlarging

on these instructions, the flyer goes on to rftcQmend the interior parts of

lower floors and basements of buildings as preferred shelter areas. These

areas also are thooe offering the best available shelter in existing buildings

against the effects of nuclear explosions.
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Two kinds of nuclear atack shelters have been considered: (1) fallout

shelters and (2) all-effects shelters. All-effects sheltcrs are commonly

known as "blast shelters." However, such shelters must offer protection not

only against the air blast wave but also che other life-threatening nuclear

weapons effects that may be present to varying degrees in the region affected

by blast from a nuclear detonation. These other effects include ground shock,

thermal radiation (heat), initial nuclear radiation (INR). fires (including

the toxic gases produced by fires), and fallout. Hence, so-called blast shelter-

are more properly termed all-effects -helters. Fallout shelters, as the name

implies, are intended to provide a degree of protection against nuclear radia-

tion from fallout but not other weapons effects. To indicate the potential

role of the two kinds of nuclear attack shelters, a brief review of nuclear

weapons erfects Is provided below.
3

1.3 Review of Nuclear Weapons Effects

The damaging effects of nuclear weapons, while similar in nature to

ordinary explosives, are enormously greater and pose the added threat of radio-

activity. In 1945, weapons in the 10-20 kiloton range (one kiloton is equivalent

to 1,000 tons of TNT) were considered major strategic weapons. Since that

time, weapons have been developed in the tens of megatons range (one megaton

is one thousand kilotons). Only a few of these very large nuclear weapons

remain deployed. Most current strategic missiles have been designed to deliver

a number of warheads of smaller yield. thus, warheads can be directed at a

larger number of targets by the available missiles. Weapons carried by current

missiles range from about 200 kilotons to one megaton. The close-in or direct

effects of the largest of these weapons are summarized in Figure 1.1 and are

discussed in terms of "iinediate radiation effects" and "blast effects."

a. Immediate Radiation Effects. The release of a large amount of energy

in a small space creates a very high temperature, that is, a "fire ball", which

in turn leads to thermal radiation from the fireball as long as it is hot. This

heat radiates outward at the speed of light. The amount of thermal energy

arriving at any point is greatest on a clear day and may be reduced greatly by

pollution haze, fog, and rain. Under conditions of good visibility, fires can

be ignited in tinderlike materials and the skin of exposed people burned to

beyond the 2-psi range shown in Figure 1.1. Because of buildinas and

other obstructions, the fireball of a surface detonation is shielded from much
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of the surrounding area during its initial and hottest phase before it starts
to rise.

Simultaneous with the heat flash, two other nearly instantaneous

radiation effects occur, one hazardous to living things and the other damaging

to electronic devices. The nuclear explosion releasEs a burst of highly pene-

trating radiation called "initial nuclear radiation (INR)" that can cause

radiation injury and death to a distance of two miles or so. Protection

against INR is an important consideration in the design of all-effects shelters.

The detonation also produces an electromagent.c pulse (EMP), sometimes called
"radio-flash." The bulk of the EMP energy lies in the radio frequency spectrum

ranqing from powerline frequencies to radar frequencies. The energy is not

high enough to injure living things but can be collected by antennas, wires,

and other conductors so as to damage electrical and electronic equipment,

especially those employing solid-state devices. In surface or near surface

detonations, the range of EMP damage is about two to five miles from ground

zero.

b. Blast Effects. In a nuclear detont.ion, the intense temperatures in

the fireball also result in high pressure with the consequent formation of

shock waves in the ground and in the air. The ground shock and earth movement

can injure people in blast shelters and damage equipment close to the detona-

tion. The air blast wave, which travels outward at a speed comparable to the

speed of sound, can cause injuries and damage ovjr a much larger areas.

The air blast wave consists first of a sudden increase in 7,ressure

followed by strong winds and a more gradual decrease in pressure. The over-

pressure lasts for one or two seconds, the winds for several seconds longer.

The pressure wave is measured in pounds per square inch (psi). The wind

(dynamic pressure) behind a 10-psi shock wave has a speed of about 280 miles

per hour and can exert a force about five times as great as the most violent

hurricane. At an overpressure of 30 psi, the winds are nearly 700 miles per

hour. As the blast wave advances, it envelops and crushes buildings, tanks,

and other hollow objects. Debris and noncrushable objects are carried along

by the blasa wind and distributed over considerable distances (hundreds of

yards). The strength of the blast wave decreases rapidly as it moves out-

ward, as shown in Figure 1.1. Beyond the distances shown for I psi, only

minor damage, such as broken windows, will result.



1-6

Because all of the effects discussed above are operative within the

area of significant blast damage, and, generaWly, within the area covered by

at least 2 psi, it is comon practice to use the blast overpressure as a

marker in describing the other effects. Thus, ground shock can cause injury

to people in blast shelters at overpressures abovc about 50 psi. The thermal

radiation emitted by the fire ball is of sufficient intensity to ignite thin

combustibles, such as paper, curtains, upholstery, and the like within the

2-psi region. The incendiary outcome, however, is quite uncertain becausil the

following blast wave can extinguish incipient fires in the same region. Addi-

tionally, the blast wave can cause fires by daaaging electrical circuits, fuel

lines, and processing equipment with combustible liquids. Initial nuclear

radiation is hazardoub Lo people within two miles, including many in building

basements. EMP from surface bursts can damage sensitive equipment within the

2-psi region. These effects, which are generally of significance in the

damaged area, are collectively called the "direct effects" of nuclear detona-

tions.

c. Fallout. If a nuclear detonation occurs at or near the ground,

great quantities of earth and other materials are drawn upward to high altitudes

with the mushroom cloud and mixed with the radioactive residues of the nuclear

reaction. The radioactive particles, carried by the winds, fall to the ground

over a period of many hours and over a wide area extending tens and often

hundreds of miles beyond the region of direct effects. This phenomenon is
known as "fallout". Where fallout occurs is determined by the wind currents

and no location can be considered immune. Most of the area of direct effects

also will experience fallout.

Fallout particles emit principally alpha, beta, and gamma radiation.

The latter is the one of greatest hazard because it is highly penetrating.

Gamma radiation emmitted from particles deposited over an area can contribute

to radiation exposure. Gamma radiation can be detected and measured only with

special instruments. The unit of measurement is the Roentgen (R).

The intensity of the gamma radiation from fallout is highest at early

times, decreasing rapidly at first and then more slowly. A useful rule of

thumb is that the int..nsity (in Roentgens per hour) decreases ten-fold with

each seven-fold passage of time. Thus, a given intensity at seven hours after

.HY
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"detonation will be only one-tenth as strong at two days (49 hours), one-

hundredth at two weeks (7 times two days). In areas of heavy fallout, gamma

/ radiation can be a hazard for many weeks. Because the body is able to repair

* some of the radiation injury, prolonged exposure is less injurious for a7/
, .given dose tnan one received in a shorter interval. The consequences of radia-

tion exposure are shown in the following table:

"MEDICAL CARE WILL BE ACCUMULATED EXPOSURE (R) IN
"NEEDED BY ONE WEEK ONE MONTH FOUR MONTHS

None 150 200 300

Some (5 percent may die) 250 350 500

Most (50 percent may die) 450 600 --

* The foregoing description of fallout from a nuclear detonation has

-' emphasized the condition of a surface or near-surface explosion. In a nuclear

4 air burst (one in which the fireball does not touch the ground), debris is not

S.present to lend weight to the radioactive residues produced, so they stay

. aloft for a long period of time. When they eventually return to earth, their

- radioactivity will have diminished to a relatively harmless level. However,

SI air bursts have the capacity to extend the reach of relatively low overpres-

sures at the expense of reduced overpressures near ground zero, as shown in

Figure 1.1. Because ordinary buildings have little resistance to air blast,

detonations well above the ground may be used against cities to maximize

r building darage with little fallout resulting.

Some nuclear detonations may occur at very high altitues (above 20

"miles) to increase greatly the area of damaging effects of EMP on electrical

power systems, broadcast communcations, computers, and automated production

Sfacilities. Such high-altitude detonations can cause power outages and elec-

tronic damage over extremely large areas. Thus, both fallout from surface

bursts and EMP from high-altitude bursts are effects that can be experienced

' •far from the detonations themselves.

1.4 Best Available Shelter

4 .;. It can be seen from the foregoing that fallout shelter would be needed
* virtually everywhere whereas all-effects shelter would be needed to save lives

I L' only in the immediate vicinity of nuclear detonations. Current multi-hazard

shelter consists of mines, caves, tunnels, building basements, and the interior

----------------------- - -- - - - -
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cores of aboveground parts of buildings. Such locations offer the best

available shelter not only against nuclear weapons effects but also the other

common hazards for which shelter is an appropriate protective measure. None

of these refuges were created with the protective requirements of shelter in

mind. Some (e.g., mines) offer excellent protection against a wide range of

hazards. Most offer significant, although limited, protection. People are
safer in best available shelter than they would be if more exposed to hazards.

But taking shelter does not necessarily preclude injury or death if the best

available shelter proves inadequate.

Ordinary dwellings do not offer substantial protection against nuclear
weapons effects although fallout protection may be improvised in home base-

ments. Larger buildings, cspecially basement areas, can offer very substan-

tial fallout protection. For many years, FEMA and its predecessor agencies

have routinely surveyed existing large buildings for fallout shelter. The

National Facility Survey records now list about 400,000 buildings and other

facilities throughout the country having nearly 250 million shelter spaces

meeting the agency's minimum criterion for fallout protection. Unfortunately,

these spaces are not well distributed with respect to the population, most
being concentrated in the downtown areas of cities. Hence, there are many

localities deficient in fallout shelter, especially in suburban and rural

areas. Nonetheless, the NFS inventory forms the foundation for multihazard

sheltering capability at this time.

The requirements for protection against the direct effects of nuclear

weapons are quite demanding. Therefore, except where miries, caves, and

tunnels are available, the best available all-effects shelter is not very good.
In general, large buildings can withstand only relatively low levels of blast

overpressure. When they do not collapse, the blast winds entering through

shattered windows and doors can cause injuriet and death. Moreover, the area
where people might survive in best available shelter is vulnerable to ensuing

fires and toxic gases. Thus, the possibility of injury and death results from

multiple hazards. The evidence from Hiroshima and N&gasaki demonstrates that

survival in reinforced concrete and masonry structures is possible but current

analyses 4 suggest that survival is likely in best available shelter only in

the 5-10 psi region. Figure 1. 2 shows the distribution of the population with

blast overpressure for the FEMA TR-82 nationwide attack. The curve shows that

only about 30 to 40 percent of the population experiencing at least 2 psi
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were in the region of less than 5-10 psi. Thus, best available all-effects

shelter would have been inadequate for most exposed to the hazard.

1.5 Crisis Relocation Planning

Recognition that best available shelter against the direct effects of

"nuclear weapons would not prevent heavy casualties if cities were targeted

led to abandonment of a "fallout only" policy of population protection about

1975 in favor of a program to plan for the evacuation during a crisis of urban

residents and others perceived to be at high risk of exposure to direct effects.

." This program, called Crisis Relocation Planning (CRP), was adopted by both

the Carter and Reagan administrations in the form of decision memoranda and

was written into law as Title V of the Civil Defense Act in 1980. Crisis reloca-

tion is an essential element of the civil defense program of the Soviet Union. 5

CRP has been considered the most appropriate response to a Soviet city evacua-

tion. However, the CRP program has received criticism not only from those

opposing all civil defense effort but also from more sympathetic observers.

It has been pointed out 6 that opinion surveys find Lhat most Americans

* think that there will be too little time for city evacuation if a war threat

occurs; this despite the fact that a Soviet city evacuation is expected to

* require a week or more. A public perception of evacuation urgency could jam

outbound routes very quickly even though such routes would be perfectly adequate

for an exodus over a several-day period. Other analysts have voiced concern

over the lack of fallout shelter in reception areas. An influx of city dwellers
would increase the demand for fallout shelter protection in rural areas where

such protection already is in short supply. The planned solution to this problem

* is to create additional fallout shelter at the time of need by heaping earth

I against the side walls and on the roofs of ordinary buildings that otherwise
would not provide sufficient fallout shielding, a crisis action program that

is untried and technically controversial. In recent years, FEMA has reduced

• 'emphasis on CRP in favor of a broad approach to multi-hazard plannirg called

the Integrated Emergency Management System (IEMS). The goal of IEMS is to

develop a crcdible emergency management capability nationwide by integrating
activities along functional lines at all levels of government and acrosa all

- hazards, including nuclear attack.

-' N6.0 1 . V WPiV6'



"1.6 Risk Areas

"Adoption of crisis relocation as national policy required the government

to identify the areas considered to be at high risk from the direct effects

"of nuclear weapons, should a war occur. Identification of risk areas also

"is needed with respect to sheltering, even. best available shelter, in order

to differentiate between locations needing all-effects snelter and those requir-

ing fallout shelter only. Selection of risk areas is a policy decision. Hence,

"such areas are properly understood to be "policy areas," namely, areas within

which it would be the Government's policy to deploy all-effects shelters,

use best available shelter based on all-effects considerations, plan for evac-

ua~ion of residents, or any combination of appropriate measures.

There are two basic approach3s to the identification of potential risk

areas. The first might be termed a "target-oriented" approach. Recognizing

Q that his uission is population protection, the policy-maker directs his atten-

". tion to his population centers, locations of high population density where

" . many citizens are at risk. The Federal Civil Defense Administration's July
7

1953 publication7, Target Areas for Civil Defense Purposes, states:

"Atomic weapons are employed most effectively against centers
of population and industry. Civil Defense is responsible for mini-
mizing the effects of attacks upon people and property and since
the resources available for this purpose are limited, priority must
be accorded the major concentrations of population and industry.

"The nation's Standard Metropolitan Areas comprise our major
urban centers and as such provide a practical and established yard-
stick of urban concentration. Each of these areas, by definition,
contains at least one city oi 50,000 population or more, and includes

"- '-all o! the closely liuked surrounding area.

"For this reason, all Standard Metropolitan Areas are designated
- as Target Areas for Civil Defense Purposes. Those Standard Metropol-

"itan Areas containing high concentrations of industry as well as
populction, that is, 40,000 or more manufacturing employees, are
designated Critical Target Arias for Civil Defense Purposes."

* " Note that this definition of policy areas uses census data as its prin-

S• .• cipal ingredient. In addition, all State capitals were lisred as target areas4, *"4

whether or not they were in Standard Metropolitan Areas. in 1933, the list

comprised 193 target areas, of which 70 were classed as critical target areas.
|IL:
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The second approach to the identification of risk areas may be termed

the "attack-oriented" approach. Recognizing that a potential enemy has rela-

tively well defined attack capabilties and less well defined objectives and

prioritias in mounting an attack, the policy-maker examines the attack possi-

* obilities and attempts to define risk in terms of the probability of experiencing

nuclear weapon effects in Lny locality. The LHgh risk areas defined by thea 8Defense 'ivil Preparedness Agency (DCPA) in 1975 were based on this approach.

The document, known as TR-82, contains the following background:

"The following approach was used in designating high-r:isk areas:

1. Potential target values were developed using unclassified
sources, indicated above, based on the following criteria listed in
descending priority order:

"a. U.S. military installations.

b. Military supporting industrial, transportation and
logistics facilities.

"c. Other basic industries and facilities which contribute
significantly to the maintenance cf the U.S. economy.

d. Population concentrations of 50,000 or greater (Bureau of
the Census urbanized areas).

2. Based upon projections of Soviet capabilities (circa 1980)
"under existing Strategic Arms Limitation (SAL) agreements and U.S.
target values, weapon assigrments were developed considering U.S.
active defenses, vulnerability and time sensitivity of targets, etc.,
with the objective of maximizing targets destroyed and minimizing
weapons expended.

3. Probaola targets were reviewed to eliminate isolated
4 military and industrial facilities considered to be of marginal

significance.

4. Based upon targets resulting from 3 above and weapon assign-
ments, envelopes were plotted on State maps to depict areas subject
to a 50% or greater probability of receiving blast overpressure of
"2 psi or more. For this purpose it was assumed that all weapons
were air burst; system reliability was 0.9, and Circular Error
Probable (CEP) was 0.5 nautical miles. (Conservative assumptions
used for planning purposes only to maximize direct effects.)"

Maps based on the foregoing procedure were reviewed with the State civil

preparedness staffs for credibility. As a result of this review, 14 possible

"risk areas were added and 83 deleted. Further, the attack was reanalyzed
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assuming all weapons to be surface burst and some 150 counties with a 50 per-

cent or greater probability of experiencing heavy fallout (at least 10,000

roentgen dose) were identified.

It should be noted that there is a certain amount of congruence between

"these two approaches. Both identified major cities (metropolitan areas or

urbanized areas) as risk areas. However, the FCDA listing ignored military

*, targets, such as air bases, whereas the DCPA version gave priority to such

targets. Actually, there is no reason why both approaches could not contribute

"to policy decisions. For example, the boundaries of urban risk areas could

be based on census maps of urbanized areas and other military and war-support

* targets could be added based on attack assumptions. In either case, the results

e ventually must be "operationalized" for use in civil defense planning and

oper-zi-r.s. That is, the censu6 Lract data on the one hand and the over-

"I. pressure probability contours on the other must be approximated by reference

to physical landmarks, jurisdictional boundaries, or other well-known loca-

tional identifiers so that all persons and facilities can be identified unam-

biguouslv as subject to the declared policy or not. Current practice is to

accompl sh the definition of risk area boundaries as part of the population

J protec'ion planning (PPP) process.

"V 1.7 The Strategic Defense Initiative

Renewed interest in ways to increase the quality and quantity of all-effects

4 shelter in risk areas and to erase existing deficits in fallout protection
"" outside these areas stems from the decision by President Reagan to give priority

"- to :esearch leading to a possible breakthroughi in ballisttc missile defense.

"The President announced this decision on March 23, 1983, in the following

terms,

"I am directing a comprehensive and intensive effort to define
a long-term research and development program to begin to achieve
"our ultimate goal of e1iminating the threat posed by strategic
"nuclear missiles. This could pave the way for arms control measures
to eliminate the weapons themselves."

9
The following year, the Department of Defense issued a report of the

conclusions of two study groups that had been formed to analyze the techno-

logical basis for achieving a highly effective ballistic missile defense and

the national security implications of doing so. Pertinent excerpts avq:
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S. . . Fu- the first time in history, we have the possibility
of developing a multi-tiered system. Such a sjstem could defend
"against enemy ballistic missiles in all phases of their flight,
not only in the terminal phase where decoys and multiple reentry
vehicles (MIRVs) constitute a large number of objects that the
"defense must cope with. The current technology addresses only
the final reentry phase. A capability to intercept missiles in
the boost and post-boost phases could defend against a missile
&ttack before the deployment of a multiplicity of reentry vehicles
and decoys."

S"... At this time, one cannot prejudge the extent to which
costs of increasingly more effective defense deployment will be
warranted by the resultant security benefits and defense savings

"in other areas."

". . . A decision to pursue ballistic missile defenses
would have major implications for nuclear strategy, the pre-
vention of nuclear war, deterrence of aggression, and arms
reduction. It is with this broad context in mind that our
policy on missile defenses must be shaped. To permit in.-. ed
decisions we have to conduct research on many aspects of the
relevant technology and develop a range of specific choices."

"it is likely that components of a multilayered defense, or
less than fully effective versions of such a defense, could boecome
deployed earlier than a complete system. Such intermediate
versions of a ballistic missile defense system, while unable to
provide the protection available from a multitiered system, may
nevertheless ofinr uocful capabilities. The development of

. options to deploy such Intermediate capabilities would be an
important hedge againit an acceleration in the Soviet strategic
buildup. If such intermediate systems were actually deployed,
they could play a useful rule in defeating limited nuclear
attacks and in enhancing deterrence against large attacks.
Effective defenses strengthen deterrence by increasing an
attacker's uncertainty a' undermining his confidence in his
ability to achieve a predictable, successful outcome."

To carry on the work that these study teams began, Secretary of Defense

Ca.3par Weinberger combined into a single Strategic Defense Initiative Organi-

zation (SDON previously planned research and development programs in five

technology a:--s. Lt. Gen. James A. Abrahamson, Director of the SDIO, in

testimony before a subcommittee of the House Commictee on Foreign Affairs

on July 26, 1984, emphasized that the Strategic Defense Initiative for now

was a research effort leading to a possible futur, decision to deploy a defen-

sive system. Hon. Franklin Miller, Director, Strategic Forces Policy,
Deartment of Defense, testifying at the same hearing, stated:

' Sd
J

4°'
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"If at some point in the future, the end of this decade, the
beginning of the next, the administration decided to come to the
Congress to ask you to fund full scale development and beginning
deployment, that administration would have to convince you, as
well as itself, that such a system would be effective; that it
would be cost-effective; and that it would be survivable. Whether
a defense system can be developed with these three characteristics
is what this entire research program is designed to rind out."

The Administration has refrained from attempting to describe the possible Jý

nature of a future defense system in advance of the SDI research effort. Most

such descriptions and estimates of costs have been made Ly critics of the

idea of a policy change that would emphasize strategic defense. The Arms

Control and Disarmament Agency (ACDA), in response to a question from Repre-

sentative Dante B. Fascell (D-FL) as to whether the Administration's policy

was to pursue "a perfect defense (ie., population defense)" or "a more limited

defense of silos", stated:

"The President's Strategic Defense Initiative (SDI) represents
a long-term research program to explore the feasibility of an effec-
tive defense against a nuzlear ballistic missile attack against the
U.S. and the Allies. The objective of this research would be to
establish the means and cost of destroying ballistic missiles with
a multi-tier ballistic missile defense system, thereby reducing
the threat of ballistic missiles as an effective weapon system
against both populations and military targets.

"The program is designed to allow informed decisions in the
early 1990s. Whether a population defense must be perfect to be
worth pursuing is a subjective judgment that may need to be made
at that time."

In hearings on March 6, 1985, before a subcommittee of the House Committee

on Armed Services, Gen. Richard Stillwell of the Department of Defense submitted
a letter from Secretary Weinberger that announced a new major review of civil

defense objectives in light of the Strategic Defense Initiative. During his

testimony, Gen. Stillwell stated:

"I do not see an aýtive defense . . . . ever substituting
for passive defense. I mean, no one has indicated any kind of a
leak-proof active defense in today's world. Hopefully enough to " Z
deter an attack . . . . but certainly only a percentage in terms
of effectiveness that needs, in any event, to be supplemented by
other measures that could add up, in our view, to 100 percent;
therefore, protection of your population."

The inclusion of a nationwide blast shelter system as the "final layer"

in a multi-tier ballistic missile defense suggests itself as an alternative
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to seeking a "perfect" population defense. This shelter system also would

serve to protect citizens against other means of nuclear attack, such as air-

craft, cruise missiles, and the like. 7urther, a properly designed national

shelter program could improve greatly the protection afforded the people from

a range of peacetime hazards against which shelter is a reasonable counter-

measure. The investigation of candidate shelter incentive programs reported

here has been undertaken in the context of the possible future evolution of

the President's Strategic Defense Initiative.

1.8 Statement of Work

The work reported herein was accomplished in response to the Statement

of Work for Contract No. EMW-84-C-1570, which is as follows:

"STATEMENT OF WORK

The Contractor shall furnish the necessary facilities, personnel,
and such other services as may be required to design alternative
long-term shelter programs for the U.S., to incorporate blast-
pressure and fallout protection into new construction by "slanting"
design techniques. Alternatives shall include blast pressure shelter
incentive payment schemes (similar to the U. 8200 incentive program
for fallout shelters, proposed in 1963 and approved by the House but
not the Senate), as well as various types of tax incent±ves. Each
option developed should address the costs of the option in detail,
deployment strategies, management of the program, and feasibility/
acceptability issues. Design of alternatives will consider shelter
program experience both here and abroad, as well as the multi-hazard
utility of sheltering programs. Stress will be placed on the
feasibility and acceptability of alt.'iiatlve programs, and work will
include a draft of legislation requir%,7 This study should address
program issues including the details of deploying and managing
alternative programs (e.g., direct paymeht of incremental costs for
shelter, or tax incentives of various types), the potential costs
to the Federal Government, as well as the acceptability of such
programs to building owners and architects and engineers.

"The end procuct shall be a recommended optimum program desi-i
based on an analysis of alternatives, and U.S. and foreign experience,
as well as cost, deployment and management issues, and evaluation of
feasibility and acceptability by builders and by Congress."

The remainder of this section is devoted to a description of U.S. and

foreign experience with programs for the incorporation )f shelter in new con-

struction and the general characteristics of such programs. Section II projects

the amount and kind of new constructton that may be available for slanting

to provide new blast or fallout shelter. Slanting criteria and costs are
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covered in Sect:' a III. In Section IV, various incentive options designed

to induce shelter in new construction are described and evaluated. Program

management alternatives are explored in Section V. The information in these

sections is employed in Section VI in the design of eleven alternative

shelter programs that are evaluated in Section VII. Our cunclusions and recom-

mendations will be found in the concluding section.

1.9 The FCDA Shelter Proposal

The first major proposal for a nationwide shelter system was made to

President Eisenhower by the Federal Civil Defense Administration (FCDA) in

1956. FCDA proposed to build 30-psi blast shelters in urbanized areas

and fallout shelter elsewhere at an estimated cost of $32 billion over

an eight-year period, with completion in 1965. The proposal caused the

President to call for a study of continental defense issues (the Gaither

Study). The Gaither Panel recommended a fallout shelter system at a cost

of $20 billion but the Eii nhower Administration took no steps to implement

the recommendation.

As part of the Gaither Study, one of this report's coauthors prepared a
10

shelter program analysis that offers some insights of use in the present

analysis. In the design of alternative programs, an effort was made to give

priority to "multi-purpose" shelter ("slanting" of new construction) over

single-purpose construction, then to designs that were efficient with respect

to structure cost, and to locations requiring no expenditure for land. For

example, attention was focused on schools because they are colocated with

the residential population and land was assumed to be available. It was

estimated that 20 percent of the population either attended or worked at

elementary and secondary schools. It was estimated that twice that number

could be sheltered at urban schools and about 1J times that many at rural

school locations; that is, 40 percent of the urban population (central cities

and urban fringe) could be sheltered at schools and 29 percent of the rural

population.

It was estimated that the population increase to 1965 would be about

15 percent. Hence, about 15 percent of schools would be built during the

period and most could be slanted to provide the desired shelter protection.

Conservatively, two-thirds of new schools were assumed to ivcorporate shelter.
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* This meant that 4 percent of the urban population would be she-tered in

blast-slanted schools and 36 percent in single-purpose shelters constructed

i on school grounds. Similar considerations for other categories of buildings

led to program mixe3 in which 10 percent or less of shelter spaces were in

multi-purpose buildings. Moreover, no attempt was made to estimate the incre-

mental cost of incorporating shelter protection in new construction. The

entire cost of the shelter space was taken to be the shelter cost even though

the space had a peacetime use and economic worth. Indeed, it was assumed

that not all of the protected space would be available for shelter use because

of the peacetime use. Hence, dual-use space cost more than single-purpose

shelter. There was no economic incentive to exploit the possibilities of

the slanting of aew construction to provide shelter.

Neither the Gaither Study nor the FCDA shelter proposal dealt with 3he1t r

., incentives. It was assumed, apparently, that the program, if adopted by

the Government, would be obligatory, with the Government paying all costs.

"* The cost of shelters varied with size, with the smaller shelters appropriate

* to suburban and rural areas costing more than large shelters. The size mix

* was based on estimates of the numbers of peopla who could reach shelter with

I a 15-minute warning. Structure costs for single-purpose fallout shelter

* ranged from $3 to $6 per square foot; 30-psi shelter ranged from $10 to $25

"* per square foot; 100-psi shelter, $16 to $38 per square foot, all in 1957

dollars. The Gaither Panel recommended a nationwide fallout shelter program

but the recommendation was not approved by the President.

- 1.10 Prototype Shelter Program

During the fiscal years 1960 and 1961, Congress appropriated $5 million

"($2.5 million each year) for the Federal portion of an experimental fallout

"* shelter program designed "to provide public demonstration models and to stimulate

" shelter construction. The program originally contemplated 935 shelters,

of which 256 would be fasily size, 79 would be larger group shelters, and

600 would be located at high schools. The 600 high school shelters were

-" to be constructed by their vocational departments using a Federal incentive

payment of $250. By the end of 1962, 658 prototype shelters had been approved,

. of which 611 had been completed. The Office of Civil Defense (OCD) asserted1 1

"that the program had contributed valuable information on shelter construction

and would add about 50,000 spaces to the nationwide shelter inventory.
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1.11 Shelters in Federal Buildings

Including fallout shelter in existing and new Federal buildings was

early recognized as important more to demonstrate Federal leadership than

to augment the amount of shelter inherent in building basements and other

areas. The General Services Administration requested $2 million each year

from 1961 to 1963 to modify existing Federal buildings for this purpose but

the requests were denied by the Congress. In September, 1959, the Office

of Civil and Defense Mobilization (OCDM) issued a directive to the heads

of all nonmilitary departments and agencies that fallout shelters would
12be incorporated in new Federal buildings. Funds for inclusion of fallout

shelter were to be included in budget estimates beginning fiscal year 1962.

However, the appropriations bills specifically disallowed these funds.

In 1961, prior to the Berlin Crisis, President Kennedy transferred

responsibility for civil defense to the Department of Defense and requested

a large ($207 million) supplemental appropriation from the Congress. Passed

without a dissenting vote by both Houses, the appropriation contained $17.5

million for the inclusion of fallout shelter in existing and new Federal

buildings. These were the first significant funds available for the incor-

poration of shelter into new and existing Federal buildings. According

to Reference 11, 701 projects were planned during 1962 that would add more

than 500,000 spaces to the national fallout shelter inventory at an average

cost of less than $32 per shelter space. Most of the funds were allotted

to construction projects under the General Services Administraticn. Shelter

was designed into about 125 projects tefor3 a new requirement for specific

authorization was established by the House Appropriations Committee in 1963.

The determination as to which Federal buildings would be built or be modified

to incorporate public fallout shelter was provided by the Offic. of Civil Defense.

Because of the requirement for specific authorization, only a small part

of the appropriated funds had been obligated by 1963.

1.12 The Fallout Shelter Incentive Proposal (HR 8200)

In 1963, the Office of Civil Defense, with the approval of President

Kennedy, proposed an amendment to the Federal Civil Defense Act that would

make the inclusion of fallout shelter mandatory in new Federal buildings

and would authorize a financial incentive to provide fallout shelter in
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the construction or modification of buildings owned by State and local govern-

ments and nonprofit entities. The bill originally was designated H.R. 3516,

88th Congress, 1st Session. After extensive hearings, it passed the House

as H.R. 8200 but was deferred in the Senate.

The circumstances under which H.R. 8200 was considered included the

decision by President Kennedy to implement the fallout shelter program recom-

mended by the Gaither Panel, damage assessment studies that demonstrated

that the quality of fallout protection inherent in many large buildings would

save many millions of lives, and the occurrence of the Berlin Crisis and the

Cuban Missile crisis. The transfer of civil defense functions to the Depart-

ment of Defense in 1961 had seen the launching of the national fallout shelter

survey. At the time of the hearings on H.R. 8200, 100 million shelter spaces

had been identified. (A shelter space is equal to 10 square feet of usable

floor area.) One-third of these spaces had a fallout protection foctor

(PF) between 40 (the minimum considered acceptable) and 100; one-third had

a PF between 100 and 250; one-third from 250 to greater than 1000. Protection

factors measure the degree of interruption of gamma radiation. Radiation

exposure at a g:ven location would be 100 times greater if a person were

completely unprotected instead of being in a shelter having a protection

factor of 100.

The fallout shelter incentive program was presented to Congress as

the next step: to extend the results of the sbelter survey through minor

improvements that would create new shelter space and incentives to influence

building construction by making minor changes in design to increase the

quantity and quality of fallout shelter. As an example of the former, it

was stated that improved ventilation in basements could increase the capacity

of these shelter areas by three or four times. The second approach, of course,

involved slanting the designs cf new buildings to increase the amount of

protected space by eliminating some ground floor windows or providing baffles
for openings, thickening masonry walls, and adding overhead mass.

The proposed legislation consisted of two parts. The first, a new

Section 206 in the Federal Civil Defense Act, established a mandatory require-

ment that public shelter "be incorporated in all structures exiscing or

to be constructed in the future and owned or occupied by any department or

agency of the United States whether civilian or military, unless exempted



1-21

from such shelrer requirement . ." The grounds for exemption in the initial

bill were to be set by the President and were generally referred to as factors

that would make unnecessary, uneconomical, or impractical the incorpozation

of public shelter. In the final bil., the House Armed Services Committee,

which was responsible for the legislation, made the grounds tor exemption

much more specific. Although represented as "tightening up" the provision

in the Administration's bill, it would appear that the changes actually

would have had the effect of relieving the Department of Defense of the shelter

requizement in most of its construction. The changed language read:

"Regulations establishing exemptions shall be limited to the
following bases for examptions:

(1) The proposed shelter would be in areas where additional
public shelter space is not required;

(2) The only practical design or construction characteristics
of the structure with shelter incorporated therein would result in
exceeding cost limitations, which shall be set forth in said regu-
lations to maintain an average of not to exceed $4 per square foot,
for shelter developed in any one fiscal year:

(3) In the case of a leased structure, the term of the lease,
together with terms of options to renew, is less than an aggregate
of ten years;

(4) Competitive bidding for property to be leased by the
Fedeial government would be unduly impaired by requirements for
the inclusion of shelter features in the building to b2 leased;

(5) The operational use of the structure is such that the
proposed incorporation of shelter would impede or impair its opera-
tional mission;

/U

7' (6) The proposed shelter would be in restricted areas not
available to the public in time of emergency; or

(7) It would be unnecessary, uneconomical, or impractical to
include shelter in a narticular shelter."

Item (2) of the basis for exemption established a cost limitation of

$4 per square foot for new fallout shelt2r. Such limitations, although

considered necessary to form an objective basis for granting an exemption

for "uneconomical" projects, have several undesirable consequences:

(a) The design process becomes more costly because the parts of the

structure involved in sheltering must be designed and costed with and without

shelter to establish the incremental costs.
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(b) The owner/designer may be motivated to incorporate ineffective

or overly expensive design changes in order to qualify for an exemption.

There is little incentive to learn innovative cost solutions to design

problems.

(c) A cost limitation can be an invitation to scme to attribute other

buildiag costs to the incremental cost of shelter; e.g., the cost of basement

excavation even though a basement would have been provided without shelter

considerations.

On the other hand, the Administration argued that the mandatory incor-

poration of shelter in Federal buildings would accomplish the following:

(a) Demonstrate leadership in the shelter program by the Federal

Government.

S(b) Help meet local deficiencies in public shelter space (estimated

yield of about 5 million spaces).

(c) Provide a methud to acquire cost data on tae construction of

* public shelters.

(d) Develop methods of lowering the cost of incorporating shelter in

. many institutional types of buildings.

(e) Afford the opportuity to develop designs useful elsewhere and

I to develop working experience in protective construction design among the

*: thousands of architects and engineers engaged annually on Federal projects.

The second part of the bill concerned the incentive program and took the

form of a proposed Section 207 of the Federal Civil Defense Act. It was

proposed to provide a financial payment for the inclusion of fallout shelter

"in the buildings of schools, hospitals, State and local governments, and

"other nonprofit institutions. The logic for confining the scope of the

program to these entities lay partly in the desire to initiate the program

on a relatively small scale with respect to the total shelter requirement

:" and partly because it was unlikely that funds would be diverted from other

public purposes at the local level into shelter building.

The incentive payment was set at $2.50 per square foot ($25 per shelter

space) or the actual cost of providing additional shelter, whichever was

.. less. The typical cost of fallout shelter in new construction was alleged

".4
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to be $4 per square foot ($40 per shelter space). However, the shelter

survey had found very good fallout shelter in many large buildings without

any intentional design slanting. The requirement that the incentive payment

be a ceiling amount or actual cost, whichever was less, would, as noted

earlier on, force a cost comparison between two designs, one with slanting

and one without. Whether it also was the intention to evaluate the two

designs for fallout shielding and pay only for the net increase in shelter

space was not made clear nor did anyone raise this question during the H.R.

8200 hearings. In any event, OCD bypassed the issue by making the point

that the funds authorized for the trial year would only be sufficient to

cover low-cost opportunities ri increase the amount of shelter in existing

buildings, such as inproving tle ventilation : basements. The average

cost per shelter 6pace under these circumstances was projected to be $16.35
13

per shelter space. As reported out by the Armed Services Committee and

passed by the House of Representatives, the bill included the condition

rhat "payment shall not exceed $2.50 multiplied by the total square feet

of public shelter space provided in respect to an approved application."

(Emphasis added.)

1.13 The Experimental Incentive Proposals

Since H.R. 8200 never became la., it cannot be determined whether the

incentive payment plan would have induced a high level of participation

by the targetted groups: State and local governments and nonprofit insti-

tutions. Doubts were expressed in the hearings13 because OCD alleged that

the average cost of fallout shelter would be $40 per shelter space (10 square

feet) whereas the incentive payment was only $25 per space. Would these

groups put up the difference to get fallout shelter? And, if not, what

proportion of the projects would fall far enough below the average to be

fully subsidized? Further, how much could the average cost be lowered as

architects became experienced in "slanting" the design of new buildings?

OCD had begun a program of technical training in 1961 to qualify architects

and engineers to help identify existing fallout shelter. By the summer

of 1962, about 2,600 qualified graduates were available nationwide. Moreover,

OCD established a professional advisory service at headquarters and the
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regions. This service was rendered principally by direct consultation and by

the distribution of technical publications. By the end of fiscal year 1962,

several hundred architectural and engineering firms engaged in designing

schools and other buildings had consulted the OCD staff.

The results were impressive. In January, 1965; OCD published14 archi-

tectural sketchs and photographs of 19 schools and 15 other buildings that

had been buil. with fallout shelter and without any incentive other than

the availability of technical assistance. A summary of school costs also

was provided in the publication. Key data are shown in Table 1.1.

The sixteen schools for which cost data are available (item 9 in Table

1-1 covers three schools) provided over 26,000 shelter spaces, about 75

percent more than the schso.. pfpulatian of about 15,000. This may be compared

with the 100 percent assumption used by the VCDA and the Gaither Panel a

decade earlier. In no case was shelter provided for less than the school

population. Noteworthy was the fact that the cost per shelter space did

not exceed $25 in any school. Some costs approached half this value. If

H.R. 8200 had become law, all of these schools would have been fully subsidized

by the Federal Government. As it was, school boards in these instances

were willing to increase building costs by up to 7.5 percent based only

on the provision of technical assistance.

In 1966, OCD proposed to initiate an "experiment" to increase the

amount of fallout shelter in new buildings by offering a Federal grant

to building owners. Up to one percent of the total project cost for the

added shelter cost was proposed for "slanting" the building design and

agreeing to its use aa a public fallout shelter. Congress declined to

approve the ten million dollars requested for a one-year experiment. This

OCD proposal was the first that defined the incentive ceiling in terms of

a percentag6 of the project cost. Unless other criteria must be met, this

kind of ceiling can be met by reducing the amount of shelter space produced.

The data in Table 1,1 suggest that if only the school population were provided

shelter about 10 percent of the building area would be needed and the shelter

cost would approach one percent of the project cost. Certainly, many schools

and other buildings could be fully subsidized utrder the one-percent formula.

Shelter costs as a percentage of project costs also can be increased

by increasing the percent of the building qualifying as shelter, as can be
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seen in Table 1.1. Other devices for exceeding a cost ratio include designing

in a higher degree of protection than the minimum required, providing more

generous added ventilation, housekeeping, and other equipment, and allocating

borderline construction costs, such as excavation, to the shelter. In the

1966 Military Construction Act, fallout shelter was required for all new

construction projects at military installations, provided that the estimated

cost of shelter did not exceed one percent of the project cost. This manda-

tory requirement remained in effect for some 15 years until removed at the

request of the Department of Defense. During this period, a considerable

amount of military construction, notably in the Air Force, was designed to

include fallout shelter. However, the one-percent ceiling on shelter costs

permitted most buildings to be built without shelter at the desire of the

military department.

In 1970, OCD again proposcd an experimental shelter program to the Congress.

The purpose of the program was to (1) determine the effectiveness of a Federal

grant in producing additional shelter in deficit areas, (2) determine owner/

architect acceptance of regulations governing grant payments, and (3) test

alternative administrative procedures. Although Congress did not approve

the program, its characteristics are particularly important to the purposes

of this study.

As background, by 1969. nearly 20,000 architects and engineers had been

trained as fallout shelter analysts and Advisory Service Centers were functioning

at 45 universities to provide technical assistance to architectural firms.

The Direct Mail Shelter Development System (DMSDS) was introduced in 1968

to contact architect/owners of new projects by mail, urging the incorporation

of fallout shelter in the design avd offering technical assistance at no

cost. During 1969, over 10,000 solicitations were made. The University

Advisory Centezs actually made recommendations on about 10 percent of these:

1,044 buildings. If adopted, the buildings would have contained about 800,000

fallout shelter spaces at an average cost o&' about $7 per space.15 This

added cost is about half the lower costs in Table 1.1 and less than 30 percent

of the ceiling proposed in H.R. 8200. Even so, only about one quarter of

these buildings actually were built to include shelter. The majority of

the building owners declined to bear the small additional cost of shelter.

A small-scale experimeatal grant program was proposed to form a basis for

a later full-scale grant program.
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The experiment was to start with a flat-rate payment of $10 per shelter

j space, a rate that might be changed in the cours of the experimental program.

This was a significant inaIuv9cion, as a flat-rate payment irrespective of actual

shelter costs avoids the need for added design effort to Cetermine the incre-

•-. mental shelter costs and motivates the architect to examine ways to reduce

costs and :hus "make a buck" for his client, the building owner. A central

S-.purpose of the proposed experiment was to explore the incentive characteristics

of the flat-rate payment.

-. • Another important innovation was the exclusion from the program of projects

costing less than $200,000. Some of the reasons for placing a floor on project

"* cost are: (1) small buildings often are of light construction and not suitable

for shelter purposes except at excessive cost; (2) OCi had determi.ned that

it was •mpractical to provide trained leadership and shelter supplies for shelters

holding less than about 50 persons; and (3) a floor on project cost eases admin-

istration of the program by eliminating a large number of projects that contribute

very little to the provision of shelter.

The experimental program also e!xcluded buildings costing over $5 million

3 i or with more than five stories. These ex-lusions illustrate how a program

can be designed to deal with specific technical issues. In the case of fallout

shelter, the national shelter survey had indicated that high-rise buildings

would have abundant amounts of shelter space on tha middle floors. Additional

shelter would be unnecessary. A similar conclusion applied to very large

buildings of any kind. Moreover, a very large construction project would

absorb too much of the relatively limited funds requested !or the experiment.

It might be noted that all of the schools shown .n Table 1.1 had project costs

between $200,000 and $5 million. Another reason for excluding high-rise build-

ings was that the program was aimed at the suburban and rural areas where

there was a shortage of fallout shelterand high-ri.se buildings were rare.

The basic administrative procedure was to use the DMSDS to invite

a random sample of owners of proposed new buildings to participate. Interested

owners would be asked to supply basic information about the proposed building

which would be used to make an estimate of the inhe-ent shelter space likely

if no slanting occurred. A deal would be struck to pay the flat rate for

all shelter spaces over the mutually agreed inherent number.
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- -1.14 State Shelter Lugiqlatisi

7 In the mid-1960s, three States enacted legislation making it mandatory

"to include fallout protection for at least the building occupants in all

"buildings constructed with State funds. These were Alabama, Arizona, and

Rhode Island. These laws were generally based on or similar to the mandatory

section of H.R. 8200 that would have applied to Federal buildings. Each

State law Included a provision for granting a waiver to the shelter require-

ment for reasons that would make unnecessary or impractical the incorporation

"of shelter. A key basis for exempticn was an economic Aactor linked to a per-

centage of total project cost. In Alabama, a sliding scale was adopted: 4

percent of project cost for projects costing between $30,000 and 1500,000;

"3 percent for pro,;4cts costing between $500,000 and $1.5 million; 2 percent

"for projects costing over $1.5 million. In Arizona, a waiver could be granted

if the additional cost was more than 3 percent of the total building cost,

exclusive of land, architectural fees, equipment, aud off-site improvement.

The Rhode Island law used 3.5 percent of total project costs.

"The foregoing bases for exemption on economic grounds were relatively

generous considering the rapid reduction in incremental costs of shelter

described above and initially State-funded projects incorporated fallout

shelter although many school officials were unhappy that some construction

funds were in their eyes being devoted to non-educational purposes. However,

as Federal leadership eroded through Congressional inaction and the Univer-

sity Advisory Centers were phased out because of cuts in the civil defense

budget, architects of State-funded projects were quick to take advantage.

"The three States were inundated with waiver requests and did not have the

technical resources available to review the requests adequately. The Alabama

and Arizona laws remain on the bcnks today but few if any State-funded projects

contain other than inherent fallout shelter.

* New York State, under the leadership of Governor Nelson Rockefeller,
was the only State that ever offered a financial incentive to incorporate

"fallout protection in new building designs. Under the State program initiated

in 1962, school authorities were encouraged to include fallout protection

.* in new school designs or modifications. The State would pay one-half the

"cost of shelter construction or $25 per shelter space (whichever was the

lesser amount). The fact that the program was available only for school
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construction was rather limiting in scope. In the first five years of operation,

forty school buildings were designed with deliberate fallout protection (50,937

shelter spaces having a protection factor of PF 100 or more) at a cost to

% the State of $1,235,000. After several years of further operation with rela-

tively few "takers", the New York State Legislature rescinded the incentive

program when other demands for State funding resources took priority.

In 1961, prior to the enactment of the broader, mandatory law discussed

above, Rhode Island enacted legislation that amended its laws on property

subject to state taxes. The act provided that improvements amounting to

$1,500 to property to provide fallout protection would be exempt from taxation.

The limitation was appropriate to family-type shelters. It is not known

whather this legislation was effective in stimulating the construction of

* home fallout shelter in the State.

In the course of this study, Alabama officials responsible for enforcing

the current shelter were interviewed. State projects now routinely request

and are granted waivers from tne shelter requiremen.. The situation is blamed

on the failure of Federal leadership and support. O-a the one hand, failure

of the Congress to enact H.R. 8200 into law or at least to mandate the inclu-

sion of fallout shelter intc Federal buildings sent the wrong signal to

the States, precipitating a flood of waiver requests. On the other hand,

the loss of technical assistance when the University Advisory Center at Auburn

"University was shut down left the State Building Commission and the State

Emergency Management Agency in no position to resist the architectural practice

of overdesigning the shelter area to exceed the 3 percent ceiling. It appears

that both Federal example and Federal technical asisstance would have been

necessary for success.

With respect to multi-hazard shelter programs, Mr. Lawrence Bowden,

Deputy Director of the Alabama Emergency Management Agency, stated:

"It is my opinion that such legislrtion [on the construction
of blast shelters] is necessary if this country is indeed serious
about preparing for a nuclear attack on this country. We have been
toying with, skirting, and giving lip service to this issue long
enough.

"The legislation should be mandatory so that it will be effective
and also so that it would make the increased cost of construction
applicable across the board and would eliminate inequities in these
costs.
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"It also seems feasible to tie the compliance inspecticns,
etc., to the existing FEMA Facility Survey Program. I believe
this Program is now in effect in all the states and it could
be expanded to accommodate this concept."

The Alabama officials contacted saw no problems at the State level in responding

to and participating in a mandatory Federal shelter law.

1.15 Foreign Shelter Experience

A significant- number of West Eurupean nations have active shelter programs.

Some of these are of long standing. Because of cultural, political, and stra-

tegic differences between these nations and the United States, one must be

cautious about interpreting this foreign experience for application to a U.S.

program. European programs differ significantly from nation to nation. However,

there are some common characteristics. Nearly all are "blase slanting" programs;

that is, they involve the incorporation of shelter in new buildings rather

than the construction of single-purpose shelters. For this reason, the detailed

program characteristics are of interest. Another common characteristic is

that European shelter programs are mandatory programs. Shelter must be included

in most new buildings. The mandatory nature of these programs does not preclude

the prov Lsion of incentives or cost-sharing arrangements. Some of the program

details oi fe're±t- shelter programs are outlined in subsequent paragraphs.
16

1.16 rte Swiss l'r- Program

Ciil defense i. Sitzerland is one of the most highly developed in the

free world. iver 80 ý' cent of the costs of Swiss civil defense are represented

by shelcer conztructi u. The shelter program began in 1950 with a Federal

decree requiring th6 onstructJon of shelters in new buildings in communities

larger than l,CUO inhabitants. This decree was expanded in 1963 to require

loca.ities to build public shelters where private ones could not be built.

The 1963 law gave Switzerland an ambitious but "economically bearable" shelter

construction program. At the time of its enactment, the Swiss were about

to experience an unprecedented construction boom tb- resulted in a large

increase in the shelter inventory. By 1980, fully 75 percent of the Swiss

population had shelter. The remainder still used makeshift or best available

refuges.

Swiss population shelters are typically built into the basement of a

new building. It is simply a reinforced concrete box designed to resist at
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least one atmosphere of overpressure (15 psi). The law states that the increase

in building cost due to the shelter shall not exceed 5 percent of the building

cost, land excluded. This cost, 5 percent or less of project cost, is shared:

one-half by the building owner and one-half by the federal government. For

public shelters, the local government pays 70 percent; the federal government,

30 percent.

'.17 The Finnish Shelter Program1 7

Finland enacted a civil defense law in 1958 that mAndated the construction

of blast shelters in risk areas, so-called Civil Defense Target Areas. At

present, a shelter must be constructed as part of or in the immediate vicinity

of each new building having a volume of 3,000 cubic meters or more. (This

would exempt buildings with a floor area less than about 10,000 square feet

or -. jstin& al>Žut $5C0.,00.) In resid-±ntial Qr similar buildings, the shelter

space must amount to 2 percent of tcta] floor area, allowing 6.5 square feet

for each building occupant. Shelters iu industrial and commercial buildings

must accommodate the employees. The building owner is not compensated for

the added cost, which is said to vary between two and five percent of project

cost for basemeut shelters in apartment houses.

Most of :he Finnish blast shelters are in the basements of apartment

buildings and are designed to resist an overpressure of 15 psi. There are

two other classes of blast shelter designed to resist higher overpressures

that are generally cut out of the solid rock prevalent in Finland and Sweden.

No shelters are required outside the risk areas but a proposal is under con-

sideration to require equipped fallout shelters there, Municipalities within

risk areas are responsible for constructing public shelters for those not

having access to private shelters but this construction has tended to lag.

At present, about 75 percent of the population in risk areas heve access to

blast shelter.

1.18 Scandinavian Shelter Programs

Denmark, Norway, and Sweden all have long-standing shelter programs

based largely on laws requiring the inclusion of all-effects shelter in new

construction in designated risk areas. In Denmark, the program has resulted

in roughly 3.4 million shelter spaces for a population of about 5.1 million.

In Norway, all new private buildings of more than about 1,600 square feet



1-32

and all new public buildings must contain blast shelter. About 70 percent

of the urban population nov have such protection. The shelter goal in Sweden

is to provide every citizen with blast shelter protection at or near both

place of work and residence. Shelter must be incorporated into all new con-

struction where necessary, feasible, and usable for peacetime purposes.

Public shelter is financed by the State. About $12 per capita is allocated

to civil defense annually and about 200,000 blast shelter spaces added to

the inventory of about 6 million (70 percent coverage).

1.19 Other Foreign Shelter Programs

In the Netherlands, shelter is available for approximately half of the

population, mainly in the larger cities. Much of this shelter is incorporated

in qubway systems. The Government subsidizes part of the cost of incorporat-

ing shelter in new multi-story buildings but not in single-family homes. All

new one-family structures in the Federal Republic of Germany must include

shelter. The Government provides a subsidy in the form of tax relief. Some-

what over 2 million shelter spaces have been created. Recently, the Turkish

government made the incorporation of shelter in new construction mandatory

in the larger cities but no data on progress is available. The Belgian govern-

ment has the authority to mandate shelter in new buildings but few shelters

have been built.

It should be noted that although some Western. European shelter programs

are of long standing, there is little of this experience that is directly trans-

ferable to the U.S. situation. Social, political, and economic factors differ

significantly. Construction practices and costs also are difficult to inter-

pret. Recently, a large sports facility was created in solid rock near Oslo,

Norway, at a cost of about $82 per square foot, a cost similar to the cost

of aboveground schools and office buildings in the United States. Except for

such facilities, most European shelters are designed to resist one atmosphere

(15 psi) of blast overpressure. The shelter space allotment usually is about

half the U.S. standard of 10 square feet per person. However, if a multi-

hazard shelter incentive shelter program were to be undertaken in this country,

European developments in such items as blast closures may be quite valuable.

/ ,
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SECTION II

PROJECTIONS OF SLANTABLE CONSTRUCTION

"2.1 The Universe of New Construction

The basic concept underlying the shelter incentive programs evaluated

in this study is that the design of new structures can be modified so as to

increase the quantity and level of protection provided against natural, tech-

nological, and attack related hazards without adversely affecting the appearance,

function, or utility of the structures for the±r primary purpose. This deliber-

ate modification of structural design is called "slanting." If the primary

criterion for assessing the value of a candidate shelter program of this kind

iA tie- nuiber of people provided shelter over a period of years, then it is

necessary to project the amount of new construction in the future that is

susceptible to slanting techniques and to estimate Lhe amount of shelter that

could be incorporated into the various kinds of structures that will be built.

Such estimates would represent the potential yield of shelter space if all

slanting opportunities were realized.

The primary source of data available for use in projections of new construc-

tion are the reports prepared by F. W. Dodge Division of the McGraw-Hill

Information Systems Company. Through an extensive reporting system throughout

the country, the F, W. Dodge Division identifies new construction projects of

all kinds and follows each in considerable detail from earliest concept through

design and construction, as discussed in Section V. This organization also

publishes a variety of summariea and analyses for the construction industry,

of which the most useful for this study is the annual construction outlook.
m

"* This document is issued in October each year by the Economics Department of

McGraw-Hill. It summarizes new construction for current and past years and

projects the amount of construction for the following year. Longer range pro-

jections are undertaken only for specific purposes beyond the scope of this

.. study. However, the historical data contained in the annual construction outlook
documents are a sufficient basis for the present purpose.

2.2 Non-Residential Construction

Figure 2.1 su-mmarizes the amount of new building construction since 1973

"in terms of billions of square feet of new building floor space produced.

d.X
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The lower set of data is for non-residential buildings and is taken directly

from charts and tables in References 1 and 2. It can be seen that the amount

of new construction in this category has varied from year to year btit not

greatly. On the average, about 1.14 billion square feet of space have been

added each year over the past decade, with individual years varying as much

as 20 percent around this average. The variations are usually ascribed to

general economic conditions, the lows reflecting recessions and the highs

reflecting periods of economic growth. The actual reasons for variation are

undoubtedly more complex. For example, demographic changes play a role. New

school construction has seen a downward trend as the "baby boom" has grown

up and hospital and nursing home construction has increased as the population

has aged. Currently, the office building market is overbuilt in many areas.

These considerations do nct alter the fact that there has been no detectable

trend either up or down in the total amount of new non-residential construction

in the past decade and this is not likely to change. Thus, it can bE assumed

that somewhz.t over a billion square feet of this kind of construction will be

built each year on the average over the remainder of this century.

2.3 Residential Construction

The intermediate set of data in Figure 2.1 charts the construction over

the past decade of new residential buildings or, more precisely, "housekeeping

residential" buildings. The data is based on information in References 1 and

2 that is in terms of "dwelling units" or "housing starts." Tables for years

1983, 1984, and 1985 show both numbers of dwelling units and floor area for

single-family houses and multifamily housing. For single-family units, the

average floor area per unit is about 1,550 square feet, whereas the floor area

for multifamily units is about 950 square feet. About two-thirds of the dwelling

units are single-family units. The weighted average for all dwelling units is

about 1,300 square feet per unit and this factor has been used in Figure 2.1

to convert annual number3 of dwelling units to floor space.

It can be seen thi.t floor space In new residential buildings also varies

from year to year, depending on economic and othEr factors. On the average,

about 1.94 billion square feet of space have been added each year, with some

years varying as much as 30 percent around this average. Again, there is no

detectable trend in the data over the past decade. Thus, it can be assumed

• ,• ... °•,,.•,L ••.• -.-. ,.•.. - , • , , °"•.....-. • -.- •., . 1-.- . .16%- • .• - - .•. .,...
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that about two billion square feet of this kind of construction will be built

each year on the average in the next decade. Two-thirds of this space will

be fovund in single-family houses.

The upper trend line in Figure 2.1 is simply the sum of the two curves

below: residential and non-residential buildings. On th,' average, about 3.1

billion square feet of floor area has been added each year, with variations of

as much as 25 percent about the average. About half of this space has been

produced in single-family houses.

Although the upper trend line is labeled "All Buildings," this is not

quite correct. One category of residential construction, "Nonhousekeeping

Residential", is not included in the historical data of References 1 and 2.

Nonhousekeeping residential construction includes hotels, motels, and similar

buildings. In 198:, there wes 75 million square feet of floor area in this

category; in i984,. 100 million square feet. This represents a small addition

to the total building construction.

2.4 Average Construction Year

As noted above, it appears sufficient for projecting new construction to

ignore the yeer-to-year variation in construction volume and to assume that

the average rate of construction during the past decade will persist over

the next 10 tc 15 years. However, it will be necessary for the design of

shelter incentive programs to analyze the ch;iracteristics of an average con-

struction year in much greater detail than is shown in Figure 2.1. One

convenient approach is to select one particular year as representative of the

average construction year. Since projections are to be made into the future,

it is desirable that the selected year be among the most recent so that current

trends in building design and construction are reflected to the greatest

extent possible. The year 1983 is a good choice for this purpose. It is the

most recent year for 4ch relatively complete data is available. As can be

seen in Figure 2.1, tb. total floor aret of about 3.2 billion square feet is

close to the average. The amount of residential space Is somewhat above the

iverage and the amount of non-residential space is somewhat below the average

but the adjustments needed to reflect the average construction year are minor.

Table 2.1 shows key construction data for 1983 drawn from Reference 1.
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TABLE 2.1

1983 NATIONAL CONSTRUCTION DATA*

CATEGORY FLOOR AREA VALUATION COST PER SQ. FT.
(Million Sq. Ft.) (Million $)

Office Buildings 252 $18,300 $72.62

Commercial 360 13,600 37.78

Manufacturing 101 5,425 53.71

Educational 71 6,075 85.56

Hospital and Health 80 8,600 107.50

Other Nonresidential 119 8,775 73.74

TOTAL NONRESIDENTIAL 983 $60,775 $61.83

One-Family Houses 1,580 $62,450 $39.-3

Multi-Family Housing 628 23,975 38.18

Nonhousekeeping Residential 75 5,300 70.67

TOTAL RESIDENTIAL 2,283 $91,725 $40.18

ALL BUILDINGS 3,266 $152,500 $46.69

Highways & Bridges $15,450

Sewer & Water 7,525

Other Public Works 6,750

Utilities 9,500

TOTAL NONBUILDING $39,225
CONSTRUCTION

ALL CONSTRUCTION $191,725

*Floor area and valuation taken from Reference 1.
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In terms of both floor area and valuation, one-family houses dominate

the construction picture shown in Table 2.1, providing more floor area and

dollar value than all nonresidential buildings combined. Clearly, imagina-

tive ways to incorporate shelter in this major construction category must

be found if the full potential of shelter incentive schemes is to be realized.

Mu.lti-family housing also is a major construction category. This category

includes apartment houses, which are relatively large structures, but it also

includes 2- and 3-family dwellings, which are more like one-family houses.

Ninhousekeeping residential structures (hotels, motels, dormitories, and

barracks) constitute a relatively minor construction effort compared to

residential housing.

Among the nonresidential categories of construction, the commercial

category (stores, banks, services) contains the largest amount of floor space,

about 360 million square feet. Office buildings, with about 250 million

square feet, are also a major nonresidential construction category with the

highest valuation. Together, manufacturing, educ=i:ional, and health facilities

are abcut equivalent to offices in their contribution to the construction

potential. The category, "Other Nonresidential", includes, among others not

fitting into the other categories, those buildings associated with "Nonbuild-

lng Construction", such as sewer and water treatment plants, electric power

plants, dams, aad other public works projects.

2.5 Project Size and Location

The F. W. Dodge data su=mrized above is useful in defining the general

nature of the construction universe and the trend of construction over the

past decade. It does not provide, however, sufficient detail to form a basis

for the design of candidate shelter incentive programs. It does not give any

indication of project size nor does it provide any locational data, such as

the proportion of construction in cities as opposed to rural areas. This

information could be obtained by analysis of the individual project records

on which the F. W. Dodge construction outlook reports are based but such

detailed analysis was beyond the scope of this study. Rather, we obtained

from the Bureau of the Census their data on the issuance of building permits

during the calendar year 1983, our "average" construction year. These data

have been sumarized by Census-defined geographic areas. They also provide

.. N. •,.



2-7

information cn the number of projects for which building permits were issued

and, hence, thcý average cost of a project. The essential data is shown in

Table 2.2.

As can be sgen, the Census breakdown of use classes is more detailed than

that shown in Table 2.1 This causes some problems in reconciling the two

sets of data. Moreover, some limitations of the Census data are: (1) the

permit-issuing jurisdictions that report account for 90-92 percent of building

constructicn, (2) the Census data do not account for new construction owned

"by Federal, State, and local governments, school boards, and other govern-

mental authorities that are not required to obtain building permits, and

*l (3) there is some evidence that construction costs on building permits may be

understated. Thus, the Census figures can be expected tc be lower than the

* F. W. Dodge figures. This can be confirmed by comparison of the "bottom

G; lines." The total valuation for all buildings in Table 2.2 is $131,159

million, which is 86 percent of the amount in Table 2.1.

2.6 Reconciliation of the Data

The difference between the Dodge and Census data would be much greater

were it not for the inclusion in Table 2.2 of two entries labeled, "Additions

and Alterations," one for nonresidential construction and one for residential

buildings. This category of construction is maintained separately by the

permit data reporting process but is incorporated into the appropriate cate-

gorie3 of the Dodge data. Table 2.2 shows that the average addition or

alteration is quite small, amounting to about $36,000 for nonresidential

projects and only $7,000 for residential projects. Note also that a large

* proportion of the nearly 3 million projects are acco'inted for by these addi-

tious and alterations. There is no doubt that some of the projects in the

nonresidential class are large additions that could be slanted to include

multi-hazard shelter but for the most part these projects are too small to be

"of interest in designing a shelter incentive program. Accordingly, the f:irst

step in reconciling the data has been to eliminate the additions and alterations

* from both sets of data. In the case of the Dodge data, the valuation repre-

sented by the Census line items wae removed proportionately from the various

"*. categories.

L
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TABLE 2.2

1983 BUILDING PERMIT DATA*

AVERAGE
USE CLASS BUILDINGS VALUATION PROJECT COST

(Million $) (Thousand $)

Amusement & Recreation 4,ý05 $ 772 $ 16L

Churche3, Other Religious 4,478 1,040 232

Industrial 19,135 5,830 305

Parking Garages 887 673 759

Residential Garages 190,359 990 5

Service Stations & Repair 4,412 287 65
Garages

Hospitals & Institutions 1,819 2,357 1,296

Offices, Banks, Prof. 22,058 12,587 571

Public Works & Utility Bldgs. 2,765 827 300

Schools & Educational 2,209 987 447

Stores & Mercantile 36,953 7,380 200

Other NonResidencial 119,987 1,544 13

Additions & Alterations 438,295 15,705 36

TOTAL NONRESIDENTIAL 848,062 $50,979 $ 60

One-Family Housing 901,000 $49,118 55

Multi-Family Housing 92,967 20,160 217

Nonhousekeeping Residential 3,150 3,082 978

Additions & Alteraticns 1,102,656 7,820 7

TOTAL RESIDENTIAL 2,099,773 $80,180 38

ALL BUILDINGS 2,947,835 131,159 44

*Buildings and valuation taken from References 3 and 4

amdm~"•-• . . .... . --- ......................-.. . . --... " - --- --- °-' - a..
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The second reconciliation step was to convert the Census use classes into

the Dodge categories, there being no basis for splitting up the Dodge categories.

Some use classes are essentially the same as Dodge categories: Offices,

educational, hospitals, and manufactucing. For the Dodge classification,

"commercial", the Census use classes considered applicable were "Amusement and

Recreation", "Parking Garages", "Service Stations and Repair Garages", and

"3"Stores and Mercantile." The remaining use classes (Churches, Other Religious,

Residential Garages, Public Works and Utility Buildings, and Other Non-

residential) were assigned to the category "other nonresidential."

The resulting valuation comparison is shown in Table 2.3. The first data

- column shows the Dodge valuation from Table 2.1 modified by reducing each entry

by its proportionate share of the Census record of additions and alterations.

The second data c:'lumn is taken directly from Table 2.2 by combining ,.se

classes as discussed above. It can be seen, as expected, that the Census

valuation is less than the Dodge valuation for all categories save one. Inves-

tigation as to why the Census "Industrial" use class has a higher valuation

than the Dodge "Manufacturing" category revealed that it is Census practice to

* include administrative buildings and other offices on industriai sites in the

industrial category whereas Dodge would place these buildings in the office

building category. The higher Census valuation could reflect this. However,

one would expect the Census office building valuation to be depressed by a

like amount. This does not appear to be the case. Indeed, the Census figure

I would equal the Dodge valuation if the 92 percent coverage of permit-issuing

places is taken into account.

." The sharply lower Census valuation for educational and health facilities

most likely reflects the fact that permits are usually not required for school

construction and other government-owned buildings. The "Other Nonresidential"

category also is low, probably because many public works buildings are govern-

men, owned. On the whole, the reconciliation of the two sets of data appears

reasonable. Since the Dodge data is the more complete, it should be used in

projecting the amount and kind of slantable construction that will be avail-

able for consideration in shelter incentive programs. However, the precision

implied by the specific valuation figures is unwarran.ted. Hence, we have

rounded the adjusted Dodge valuations to create the "average year" values shown

in the final data column of Table 2.3.
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TABLE 2.3

VALUAkTION COMPARISON
(Additions and Alterations Removed)

DODGE CENSUS "AVERAGE YEAR"
CATEGORY VALUATION VALUATION VALUATION

(Million $) (Million S) (Million S)

Office Bldgs 13,603 12,587 13,600

Commercial 10,109 9,112 10,000

Manufacturing 4,032 5,830 4,000

Educational 4,516 987 4,500

Hospital & Health 6,392 2,357 6,400

Other Nonresidential 6,523 4,401 6,500

TOTAL NONRESIDENTIAL 45,175 35,274 45,000

One-Family Houses 56,234 49,118 56,000

Multi-Fao-ly Housing 21,589 20,160 21,500

Nonhousekeeping Residential 3,940 3,082 4,000

TOTAL RESIDENTIAL 81,763 72,360 81,500

ALL BUILDINGS 126,938 107,634 126,500

S.. .. '.~M~ ~ g L~ .Jm i:~ i'. I i I I. I-~ ¶ M
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One further adjustment appears warranted. It will be noted in Table 2.2

that there are two nonresidential use classes that do not appear to offer

significant opportunity for shelter production because the size of the average

project is very small. These use classes are "Residential Garages" and "Other

Nonresidential." Both classes have been incorporated in the "Other Nonresi-

dential" category of Table 2.3. Their elimination from further consideration in

projecting slantabie construction would reduce the average-year valuation in

this category by $2.5 billion and over 300,000 projects with an average cost of

about $8,000 each would be dropped. This adjustment has been reflected in

Table 2.4, which summarizes the nationwide average-year planning data.

In Table 2.4, the first data column presents the "average-year" valuation

•ata fom Table 2.3 except t!"_ the "Other Ncaretiden'ial" aluat 1.n %as been

reduced as discussed above. The deletion of the residential garages and other

low-cost piojects results in a new average cost in this category of $258,000.

The other average Losts in the third data column are drawn from Table 2.2

except for the "Commercial" category, which is derived from four use classes

in the table. The number of projects in the second data column is obtained

by dividing the valuation by the average cost per project. Similarly, the

unit costs in the final data column are drawn from Table 2.1 and the floor

areas derived by dividing the valuation by the unit cost. There are several

assumptions implicit in this procedure, the most important of which are: (1)

the deletion of additions and alterations from the Dodge valuations does not

alter the unit costs (cost per square foot) in the various categories, and (2)

the average project costs determined by the permit data applies as well to the

additional construction not covered by permits.

2.7 Residential Developments

It will be noted in Table 2.4 that one-family homes constitute over

80 percent of the 1,212,050 "projects". However, it is commonly observed that

most new one-family homes (detached dwellings, townhouses, etc.) are built for

sale as part of a major residential development. The developers are usually

required to provide paved streets, sidewalks, and lighting and often build

community centers, clubhouses, and other common facilities as an integral part

of the development. The existence of these major residential projects offers a

significant mechanism for incorporating multi-hazard ihelter into residential

. .... ,? .; .....•...,.f........., .. ,.'...'.'.:. ...'...•.•.' . '.'.'.'. '_ .. ' ;. " ' '• - . . .. .. j o - ,



2-12

Er-~ E- Cr C4 CC CC r- co~

.tn Cc 4 %Q M in~ f- 0%0 0 .

9% 0 . . '. t, P -

aca

E- '. - u 0

-4l - 4 co C'I

I-4

0 -0

U4 W- w -o a'. C4 W 6. 0%-4
m? ~0 C: z Jhn*9

CL-I 0 i% I¶ U 0 z 0u3
0:

00 0



2-13

construction since developers could incorporate neighborhood shelter efficiently

into common facilities or into blocks o7 clusters of dwelling units. Moreover,

the administration of a shelter incentive program would be simplified by the

substitution of a relatively few large projects for the million or so dwelling

units built annually.

Inquiry at F. W. Dodge Division, the Census Bureau, and the National

"- Association of Home Builders failed to disclose any hard data on the number of

*" one-family houses built as part of residential developments or the average size

"of such residential developments. However, scme Census data was uncovered 5

that can be used to estimate these parameters for planning purposes, In 1983,

of the roughly one million housing starts, the following pertain:

Built for Sale 67 percent

Built for Rent 2 percent

Built by Builder 14 percent
on Owner's Lot

- Built by Owner 17 percent
on Owner's Lot
for Personal Use

Total 100 percent

SThe two-thirds built for sale are likely to be built as part of a residential

development. The most common professional judgment of those questioned was that
l "nearly all" would be in developments. Thus, a first-order estimate of the number

of one-family houses in Table 2.4 that would be in residential oevelopments is

650,000. Informal estimates of the size of the "typical" rez.dential development

- (annual construction) ranged between 50 and 100 dwelling units. For convenience,

we chose 65 units, thus projecting some 10,000 residential developments nation-

- wide. For planning purposes, it is useful to keep these "projects", averaging

nearly $4 million each in construction costs, separate from the 340,000 one-

family houses built individually.

2.8 Multi-Family Housing

The category, "Multi-Family Housiag" in Table 2.4 incorporates data on

buildings with two or more dwelli . units. Two-family residences (duplexes)

and even three- and four-family houses are similar to one-family houses in many

respects. Buildings with larger numbers of dwelling units are more nearly like

IS
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office buildings, schools, and the like. Present blast-slanting techniques

are most applicable to these larger buildings. Therefore, it may be useful

in designing shelter incentive programs to distinguish between buildings with

five or more dwelling units and smaller residential structures. The Census

data permits one to do this. The relevant data are shown in Table 2.5. Note

that buildings with five or more units constitute less than half the buildings

although they represent nearly 80 percent of the valuation. The average building

of this type contains about 13 units and costs about $373,000 or about $30,000

per dwelling unit.

2.9 Construction in Risk Areas

The building permit data collected by the Bureau of the Census are summar-

ized by location outside of Standard Metropolitan Statistical Areas (SMSAs),

inside SMSAs, and inside the central cities within these SMSAs. Unfortunately,

the construction data are not available directly for urbanized areas, which,

as noted in Section I, are a good representation of risk areas, locations where

the policy in some shelter incentive programs would be to specify all-effects

shelter (blast shelter). However, the amount of new construction in urbanized

areas can be estimated reasonably well in proportion to the population residing

there. The results are shown in Table 2.6. Of the total 1980 population of the

U.S., 29 percent lived in central cities within SMSAs. The urbanized areas that

include these central cities contained 61 percent of the U.S. population. The

SMSAs, which extend to county boundaries beyond the urbanized areas, contained

75 percent of the population. The remaining 25 percent resided outside the

metropolitan areas.

With respect to construction valuation, which is directly related to the

amount of floor area produced, the second column in Table 2.6 shows that con-

sLruction occurs at a higher rate in the cities than in the countryside.

Thirty-nine percent of the valuation occurred in central cities, although they

represent only 29 percent of the population, and 87 percent occurred in SMSAs.

Only 13 percent occurred outside of metropolitan areas. If the amount inside

SMSAs but outsidp their central cities is allocated to urbanized areas in

proportion to population, 73 percent of construction valuation would be in

urbanized areas. Since construction is skewed toward population centers, this

procedure probably underestimates the %mount of construction in urbanized areas

somewhat.

"". .•.' ",.4,%'•,•.... • •,,. .... " :, •'..............•' '' '.'.•"¢••••.•,'.•'.•. ''•.,''''•,•.,°
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The final column in Table 2.6 indicates that the larger buildings 7ze

in the population centers as might be expected. The 39 percent of valuation

in central cities is in only 21 percent of the buildings. Conversely, the

13 percent of valuation outside SMSAs represents about 28 percent of the

new buildings. Overall, a reasonable planning estimate is that about three-

quarters of new floor space will be built in risk areas (urbanized areas)

but that this space will occur in somewhat over half of all buildings.

Note that the data presented in Table 2.6 covers nonresidential buildings,

nonhousekeeping residential buildings, and multifamily housing with 5 or

more units. If one assumes that single-family housing developments are similarly

distributed between urbanized areas and the remainder of the country, it is

possible to summarize the average year's construction outlook for the major

building categories of interest in desig."ing a shelte- incentive program and,

with certain occupancy assumptions, project the potential yield of shelter space.

This projection is shown in Table 2.7 for urbaniz2d areas and in Table 2.8 for

"the remainder of the country.

In Table 2.7, the "valuation" figures are 73 percent of those in Table

2.4, except that the base valuation for One-Family Developments is two-thirds

the valuation shown in Table 2.4 for One-Family Houses and that for Multi-Family

- Housing is 78.4 percent of the value in Table 2.4, based on the data in Table

2.5. Similarly, the numbers of projects in the second column are 56 percent

of the values in Table 2.4 with the exceptions noted above. Floor area has

been proportioned in the same faihion as the valuation column on the basis that

unit costs are unchanged.

The final two columns in Table 2.7 introduce a new concept--that of

occupancy. Various national standard-setting organizations have developed

model building codes that are widely referenced in local building codes.

These codes establish presumed occupancies in terms of square feet per occu-

pant in a proposed building for the purpose of sizing exits, support systcIs,

and safety features. Examples are the Basic Building Code of the Building

", Officials and Code Administrators Internctional and the Building Exit Code

of the National Fire Protection Assoclation. The occupancy assumptions

shown in Tables 2.7 and 2.8 for nonresidential construction are drawn from

these sources or from building cunstruction data such as the school construction
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"data discussed in Section I. For residential construction, multi-family

housing and nonhousekeeping residential buildings (hotels, motels, etc.)

i are arbitrarily assigned the occupancy associated with office buildings.

One-family developments, however, are assumed to be occupied by the average

household size (2.9 persons) found in the 1980 census.

Then, if a shelter incentive program were to induce shelter for the

assumed occupants of new buildings, the potential annual shelter yield could

be nearly 11 million spaces in urbanized areas, as shown in the final column.

This, of course, is not a prediction of program performance but rather an

indication of the possible contribution of a program based on the slanting

of new construction to shelter the occupants.

In Table 2.8, the valuation and floor area entries are 27 percent and

the projects 44 rercent of the Table 2.4 values, with the exceptions already

noted above. Combined, the factors used in the two tables add to 100 percent.

* Comparing the two tables, it is noted that the projects considered slantable

* number nearly 100,000 in urbanized areas and nearly 80,000 elsewhere. However,

the projected valuation and floor area in urbanized areas is nearly three

times that outside these areas. As a consequence, the average cost (size)

of projects in urbanized areas is about twice the size of those elsewhere.

* With respect to the need for shelter, the •gojected annual shelter yield

*. in urbanized areas, if built where the need existed, could satisfy the need

I in about 15 years. The pace of construction outside of urbanized areas

would not provide enough new shelter over a period of 25 years. However,

since fall-ut shelter is the likely requirement here, the potential shelter

might augment the existing fallout shelter inventory in a much shorter period

of time. In any event, it is clear that even a mandatory shelter program

must be considered a long term commitment as it is in many European cou.itries

.* as well as the Soviet Union.

2.10 Regional Distribution of Construction

The regional distribution of building construction is of considerable

interest in the design cf shelter programs that tie the creation of shelter

protection to the pace of new construction. A program that promises to

satisfy the need for shelter nationwide over a period of years could leave

* shelter deficits in some regions of the country while creat±ng an overabundance

. . . ... *
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"of shelter elsewhere. The Bureau of the Census data exhibi:ed in Table 2.9

indicates that the regional distribution of construction is very uneven.

Nearly two-thirds of the value of nonresidential construction, nonhousekeeping

residential construction, and large (5 or more units) multifamily housing

* construction occurred during 1983 in the "sunbelt" States represernted by

Regions 4, 6, and 9. In the 1980 census, the sunbelt States accounted for

40 percent of the population. .lthough the sunbelt populatior iý growing,

the rate of new slantable construction is even higher. On the other hand,

the Northeast (Regions 1, 2, and 3), with 28 percent of the Nation's people,

had only 16 percent of the slantable constructicn. The Midwest, with 20

percent of the population, had only 11 percent of the new construction.

Clearly, these imbalances in the amount of slantable construction must be

considered in projecting program accomplishments.

2.11 Basement Distribution

Another factor in planning for the incorporation of shelter in new

construction is the prevalence of basements in various parts of the country.

Full slanting against all weapons effects can be accomplished economically

only in basements. If a building is being built with a basement, the modifi-

cations to produce all-effects shelter ar2 not costiy. If a basement must

be introduced, there is an increase in cost. Basements are include2 in new

"buildings for several reasons, of whicn the most important are (1) savings

in costs of heating and cooling, and (2) gaining usable space in crowded

areas or where land costs are high. The first of these reasons is a strong

motivator in the northern part of the United States but less so in the sunbelt

. areas. The second becomes important in central cities. Typically, large

buidings are more l.Kely to have basements than single-family residences,

especially in the South.

Neither the Bureau of the Census permit data nor the Dodge construction

outlook reports provide inform-dtion on the prevalence of basemeuts. Therefore,

we turned to the National Facility Survey (NFS) inventory of existing buildings.

The NFS computer printut covers all surveyed buidlings containing public

fallout shelter and has an entry for the number of basement spaces in the

building. It was assumed that if no basement spaces were listed, the

building had no basement. A random sample of 100 buildings in each State

was drawn and the fraction with basements recorded. The sampling was done

........................... . . ~~***~*f.
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twice and the results averaged for each Federal Region. The percentages are

shown in the final column of Table 2.9. Nationwide, about 75 percent of large

buildings have basements. The four Regions with less than the national average

are the sunbelt regions plus the Pacific Northwest. Note, however, that the

majority of buildings surveyed in the sunbelt Region 4 (South) have basements.

2.12 Size Distribution of Slantable Construction

The data in Table 2.4 provides some insight into the average size of

buildings in the various construction categories. The essential information

is summarized in Table 2.10, omitting one-family homes and multi-family houses

with less than 5 dwelling units. These averages, however, do not provide

a sufficient basis for the design of shelter incentive programs. For example,

the Alabama shelter law exempts state buildings costing less than $50,000

from its requirements. The Arizona shelter law exempts state buildings costing

less than $100,000 automatically and exempts buildings up to a cost of $450,000

* upon request. Ectablishing i minimum project cost can be justified on several

* grounds: (1) providing shelter in a small structure can be very costly; (2)

not much shelter would be acquired; (3) the shelters gained would hold only

a few persons; and (4) eliminating small projects would reduce the costs of

administering a shelter law. One should understand, however, how much shelter

* is foregone when a minimum cost is proposed. Average costs must be augmented

by some idea of the distribution of building size and cost around the mean

or average.

It can be seen from the penultimate column in Table 2.10 that the average

"" project cost by construction category ranges from about half the overall average

to about three and one half times the overall average, a range of a factor

of seven. Since there will be some commercial structures costing considerably

less than the average for that category and some hospitals costing considerably

more than the average for hospitals, the range of project costs can be quite

• great. Further, it will be recalled that in arriving at the data in Table

2.4, we eliminated alterations and additions, residential garages, and other

"categories of very small projects. Even so, the final column in Table 2.10

shows that a majority of the remaining buildings cost less than the overall

"average. Of course, the few large buildings contribute very substantially
to total valuation and floor area.
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"The skewed distribution seen in the final column of Table 2.10 is charac-

teristic of economic variables, such as income, wealth, size of industrial

plan'ts, numbers of employees, and the like. Econometricians fit various kinds

of binominal distributions to their data as well as Pareto, lognormal, and

. similar distributions. The siie distribution of each construction category

in Table 2.10 could be established by detailed examination of the individual

project records maintained by the F. W. Dodge Division but this analysis lies

beyond the scope of this study. Rather, we have reviewed the basis for similar

analysis of economic variables6 and have constructed an arbitrary distribution

that is likely to be representative of the size variation of building projects

in the region where decisions might be made to exempt or exclude projects

costing less than a certain value. Our assumed distribution is shown in

Table 2.11.

The values in Table 2.11 define the assumed cumulative distribution

as a function of the average cost per project in a given construction category.

Thus, the values in the first column are to be multiplied by the average cost

per project to determine the cumulative cost class, "All projects costing

less than x dollars." For example, the average cost per project for the
"commercial" category is $194,000. Then, the first line of Table 2.11 means

"that commercial buildings costing less than $48,500 (one-quarter of the average)

"* comprise nine percent of the buildings in the category and two percent of

the total valuation in the category.

Alternatively, suppose one were considering exemption of all new buildings

costing less than $100,000. For comrcial buildings, this cutoff level is

-, 52 percent of the average cost. Interpolating in Table 2.11. one finds that

this exemption would eliminate about 25 percent of commercial buildings and

"about 10 percent of the valuation or floor area. For all other ccnstruction

categories, the impact would be less since their average cost is higher.

* 2.13 Building Ownership

An important consideration in the design of incentive programs is the

nature of the building ownership. For example, tax incentives appeal only

to owners who must pay taxes. There is little data available on the owners

of the buildings built in 1983. Building permits are reported to the Bureau

of the Census as publicly or privately owned. However, many governments and
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TABLE 2.11

ASSUMED DISTRIBUTION OF COST PER BUILDING

Cumulative Cost Class Fraction of Buildings Fraction of Total Valuation
(Less than)

.25 .09 .02

.50 .24 .09

.75 .43 .24

1.00 (Average) .63 .43

1.25 .79 .63

1.50 .89 .79

1.75 .95 .88

2.00 .98 .95

2.25 .992 .98

2.50 .998 .993

2.75 .999 .998

3.00 1.000 1.000
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"* public bodies such as school districts are not required to obtain permits.

Moreover, the Census instructions are to report as publicly owned all buildings

owned by a governmental body from the outset of construction, not housing

to be sold on completion to a Local Public Housing Authority or housing built

by nonprofit organizations or under the various Federal housing programs.

Therefore, the available data is not very useful.

'The most complete data source on the ownership of buildings of the kind

that could have been slanted to contain multihazard shelter is FEMA's National

Facility Survey (NFS). The NSF All-Facility Summary of August 31, 1981 shows

the following ownership participation in existing buildings:

Owner Percent of Facilities

Federal government 5

State Government 6

-Local government 15

Private 74

" Thus, if ownership of buildings built in the past is any clue to the likely

ownership of buildings to be built in the future, governments will own 26

j percent and private organizations and individuals, 74 percent.

These data are the best available for this study. It is not fully adequate

"becaubu private ownership includes both nonprofit and profit-making entities.

Nonprofit participation probably is a small fraction of private ownership.

L The valuation comparison in Table 2.3 offers some basis for estimating the

dimensions of ncnpcofit ownership. It was noted earlier on that the low Census

valuation for the educational category can be accounted for by the fact that

permits are not usually required for public schools. The 2,209 buildings

-- in this category that required building permits were almost entirely of nonprofit

"'* ownership. Likewise, the 4,478 buildings shown in Table 2.2 as "Churches

and Other Religious" are clearly nonprofit. Together, these two categories

.* constitute about 6 percent of nonresidential buildings built in 1983.

An inspection of Table 2.3 also reveals that the Census valuation for

hospitals and health is only about one-third of the Dodge valuation, indicating

the strong role of government in this area. The 1,819 buildings that did

* •require permits include hospitals and nursing homes built by nonprofit entities
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such as churches, unions, fraternal organizations, and the like. However,

many nursing homes and other facilities are owned by taxable entities. Therefore,

not all in this category can be classed as nonprofit.

Non-profit organizations, as defined by Section 501 of the Internal

Revenue Code, include not only religious, educational, and charitable groups

but also civic leagues, labor unions, chambers of commerce and business associa-

tions, fraternal societies, social and recreational clubs, veterans groups,

beneficiary insurance associations, and cooperatives. These groups build

some of the office buildings and a substantial part of the multi-family housing.

Recreatior.al facilities and meeting places also are owned by nonprofit organi-

zations. No firm data on the amount of this construction was found but it

could amount to four or five percent of the buildings built annually. Added

to churches and schools, a figure like 10 percent of buildings is not unreason-

able.

With respect to valuation, churches, schools, hospitals, and office

buildings have higher than average project size and cost. On the other hand,

commercial, industrial, and other nonresidential construction associated with

private for-profit entities have lower-than-average cost, according to Table

2.10. Thus, one may anticipate that governments and nonprofit institutions

will have a somewhat larger share of construction valuation than the foregoing

discussion of buildings would indicate. For program design purposes, we

propuse to use the ownership shares shown in Table 2.12. These shares apply

to all building construction except one-family developments, which are entirely

private for-profit ownership.



2-29

TABLE 2. 12

ASSUMED BUILDING OWNERSHIP*

Owner Buildings Valuation

(percent) (percent)

Federal Government 5 7

State Government 5 7

Local Government 15 18

Private NonProfit 10 12

Private For-Profit 65 56

*Applies to nonresidential, nonhousekeeping residential, and
multi-family housing. One-family developments are almost
entirely private for-profit ownership.
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"SECTION III

SLANTIN; CRITERIA AND COSTS

3.1 Shelter Design Parameters

A shelter incentive program will require the inclusion of protective

features in the design of new structures to meet specific criteria. The objec-

tive of a shelter incentive program is to improve the lifesaving effectiveness

of public shelter by the routine incorporation of protective characteristics

into the design of new buildings and other structures without adversely affecting

the utility, cost or function of the project. This procedure is called
"slanting." Slanting adds the protective function to the other criteria

normally considered in the design of structures.

In order to provide protection against nuclear weapons efLects, two

types of shelter are required; all-effects and fallout. All-effects shelters

are designed to protect against the blast, thermal, initial nuclear radiation

S(INR). and fallout gamma radiation resulting from a nuclear detonation. They

also protect occupants against the common hazards discussed in Section I.

All-effects shelter would be required for locations likely to be subjected

to blast and thermal effects in a nuclear attack. For emergency planning

. purposes, FEMA has designated a number of locations as "high risk" areas

-* that are considered more likely to receive the direct effects of a nuclear

attack than are other locations. As one moves away from the nuclear burst

point and out of the high risk areas, these direct effects diminish. The

t'reat to the populace outside of the high risk areas then becomes limited

"to radiation from fallout particles which may be carried by the wind many

miles away from the attacked area. Fallout particles emit gamma radiation

that is harmful to humans. Thus, fallout shelters would be required for

ptotecting the populace in iocaticns outside of designated high risk areas.

The levels of protection that can be provided by the two types of

shelter are discussed below:

a. Fallout Protection. FEMA and its predecessor agencies have developed

standards for public fallout shelter which establish the minimum level of

protection as being a Protection Factor of 40. The Protection Factor (PF)

is a numerical value which expresses the relation between the amount of

fallout gamma radiation that would be received in a protected location and

. the amount that would be received if unprotected in the same location.

† .. .. . . . . . . . . . . . . . . . . .* -.
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It is recognized that no amount of radiation exposure will be beneficial

I to one's lifespan. On the other hand, given a fallout radiation environment,

it is not economically or technically feasible to attempt to shield out

Sall the radiation. The minimum level of PF 40 was established as a compromise

* between what was desirable and what was practical to attain. Significant

numbers of existing buildings and other facilities had PF 40 protection

inherent in the design and therefore could be used in an "interim" period

"* to help protect the American population until such time when better shelter

"could be made available.

i A desirable radiation shielding objective would be to keep the radiation

insult on shelter occupants below a level that would induce radiation sickness.

Radiation sickness is not likely to occur in most humans unless the accumulated

dose is 50 rems or more. A whole-body dose in the range of iOO-200 rems

will result in a certain amount of illness with little fatalities. For

doses between 200 and 600 rems, the probability of near-term survival is

good at the lower end but poor at the upper end. In a large-scale urban

industrial nuclear attack on the United States, most shelter occupants ina PF 40 shelters located outside of target areas would survive, but some would

suffer radiation illness. Design analyses procedures and methodologies

to determine fallout protection have been in existence for a number of years

-and are reflected in FEMA publications.'' 2

I When designers have an opportunity to "create" shelter in new buildings

undergoing design, consideration should be given to increasing the minimum

level of fallout protection to PF 100. This not only improves the shelter

occupants' chances for survival and reduces the likelihood of their incapaci-

tation from radiation sickness, it can also be attained in most cases at

only ,a slight increase above the cost of PF 40 space. The opportunity for

creating better protection at a low incremental cost that may also provide

the building owner with financial benefit (i.e., shelter incentive) should

not be wasted. Although current FEMA policy accepts a PF of 40 for inherent

shelter space, we believe that a higher PF is appropriate for incentive

programs as it is in the Emergency Operating Center program.

b. All-Effects Shelter. Shelters located in high risk areas should

be all-effects shelters. Virtually all such shelters will be located in

the oasements of buildings or other structures because low-cop. blast protection

i . . . . . .
.7.7~..'- :. -.. *'.. . . . . . . - * . - ..
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can only be obtained in belowground locations. Where high water table,

subsurface rock, or expansive soil conditions exist, such basements can

be built partially or wholly aboveground by inducing an "artificial" basement

(see Section 3.4 for a discusssion on costs associated with inducing a basement).

Any openings to the shelter area (e.g., doors, stair wells, ventilation

ducts, elevator shafts, etc.) must be capable of being sealed off to preclude

the blast wave from entering the shelter area.

Standards for all-effects shelters have not been developed by FEMA

or its predecessors. All-effects shelters have more structural requirements

than fallout protection and arc, therefore, more costly to construct. The
3

design methodology for providing blast protection exists but there has

been relatively little experience on slanting designs for all-effects shelter.

The major sources of guidance on blast slanting for all weapons effects

are several feasibility and case studies by H. L. Murphy, J. R. Rempel,
4

and J. E. Beck. Shelter designs in these studies exist for design overpres-

sures of 15, 20, and 30 Dsi. These are regarded as a suitable range for

design options. Figure 1.2 in Section I shows the distributtcn ot the popu-

lation with overpressure for the FEMA-DCPA 7R-82 attack, whi<- is currently

being utilized by FEMA as the basis for the population protection program

in the United States. The curve in Figure 1.2 can be used :o judge the

lifesaving effectiveness of shelters of varying hardness .?&ainst direct

weapons effects. This is a cumulative distribution, e.g., over 80 percent

of the population to the TR-82 attack is likely to exl)rlence less than

20 psi. About 90 percent of the population is likely tD experience 30 psi

or less. As can be seen from Figure 1.2, the curve ri_; s steeply at the

lower overpressures and flattens out into an area o& J.minishing returns

at higher overpressures. Clearly, shelters capable re,-isting 100 psi

or more would be ideal, but they would be too cost..' .onsider. Slanting

costs increase as blast resistance increases and ti r, .s believed to be

a sharp jump in cost in the neighborhood of 50 psi w',ere ground shock isolation

becomes a major problem. Thus, a cost-effectiveness -radeoff must be made

with an upper limit of 30 psi being established , iz •e cutoff.

It should elso be noted that "design over.,rsure" falls short of

the overpressure at which casualties would beg'n :o occur in the sheltered

population, which is the layman's understandinp. -. zhe meaning of a "30-psi
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shelter." For system performance analysis, a useful parameter is Median

Lethal Overpressure, which is associated with an even higher overpressure than

that identified with the onset of casualties. The latter criterion will occur

at an overpressure that ranges from 1.3 to 1.8 times the design overpressure,

depending on details of the slanting design. Thus, one-half of those in an

all-effects shelter designed for 30 psi might experience fatalities at over-

pressures ranging from 39 to 54 psi.

c. INR. INR is the radiation emitted from a nuclear explcrive reaction

and the resulting residues within the first minute after i nuclear explosion.

It ccnsists of neutrons and gamma rays emitted almost instantaneously as well

as gamma rays emitted by the fission products in the rising cloud. Using data
5

from The Effects of Nuclear Weapons, we calculated the total INR outside

raduiation uose anticipated at the location where JO psi Lrom a 1 MT surface

burst will exist to be about 11,500 rem, with approximately 6.3 percent being

neutrons.

Shielding against INR is somewhat different from shielding against gamma

radiation. Although a methodology has been developed for the latter, very

little has been published with respect to INR shielding. Our analytical approach

involved a simple structure schematizacion based on the work of L. V. Spencer
6,7

and C. M. Eisenhauer. The components of INR include: (1) gamma radiation

from the fission produces emitted from the developing and rising fireball during

the first minute (FPG); (2) secondary gamma radiation produced by the interaction

of neutrons with the air (ASG); (3) neutrons emitted from rhe detonating weapon

(N); and (4) gamma radiation prcduced by the neutrons in interactions with

the materials of the walls and fioors of the structure (NGAM). Each of these

components was treated separately in calculating the attenuation through the

structure because of their dl: ering nature, energies, and angular distributions.

The methodology for computi.,: INR attenuation involves calculating and summing

reduction factors for each f the above components. The procedures were developed

in accordance with guidanc received from.Messrs. Spencer and Eisenhauer and

are presented in Appendix A.

INR can enter an e,1l-effects shelter through the overhead concrete slab

and through shelter opt~nings, primarily entranceways. Previous INR studies

conducted by C. K. W- 2hle and others indicated that for purposes of analysis,

INR through an entryway can he separated into three phases: the entrance
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"reduction factor, entranceway bend and corridor attenuation, and barrier

Sattenuation. Methodologies for calculating these phases currently exist. 8 ' 9

An approach to handling the INR threat that appears reasonable is to allocate

half of the dose as coming through the overhead slab and half the dose coming

through the openings. Thus, if the total 1..R dose is to be limited to 200 R,

then the concrete slab over the all-effectS shelter should be thick enough

to attenuate to 100 R or less and entrancewavs shielded through bends, corridor

att2nuation, and barrier attenuation to red'-ze the INR insult to no more than

100 R.

An analysis was made using the technic-es described in Appendix A to

determine the slab thickness required to at-:ý.uate the INR. The building

characteristics are illustrated in Figure 3.1 along with the analysis results.

The latter indicate that a slab thickness oi ipproximately 11A inches will

Sbe required to attenuate the INR from a 1 Mý -;uface burst weapon at 30

psi to a level of 100 R. At lower overpressures, a lesser slab thickness

would be requiied. Smaller yield weapons generally produce higher levels

of INR for the same overpressure. For exampn½l, a 200 KT weapon ground burst

is likely to produce an INP. of 12,300 R at t:,e 20 psi range and 36,800 R at

the 30 psi range. Figure 3.1 indicates that a basement would require a slab

thickness of 17 inches to attenuate the INR produced by a 200 KT ground burst

"weapon to 100 R of 20 psi and about 25 inches to attenuate the INR produced

by a 200 KT weapon at 30 psi to the same level.

Reference 4 contains charts for simply-irpported one-way slabs that

identify the slab thickness needed for varyin-, span lengths to resist given

overpressures. Using these charts, which are also reproduced in Reference

3, a dcsigner can select a slab thickness and tne amount of reinforcing

steel necessary to resist the design tlast overpressure. The thickness

can be adjusted to accoua.*date the other nuclear weapons effects, primarily

* .that of INR, thus producing a "balanced" design.

In using the balanced dasign concept, one could specify that the minimum

slab thickness required for any all-effects shelter should not be less than

14 inches (i.e., the slab thickne~z necessary to attenuate INR for a I MT

ground burst at 30 psi). Using the overhead slab design curves generated by

Murphy and Beck for a I MT 30 psi environment, a slab thickness of 18 inches

would be required for a 20-foot simply-supported concrete slab reinforced
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wi~h ordinary structural steel at 2 percent. This thickness would attenuate

the INR from a I MT surface burst at 30 psi to less than 50 R. It also would

be very effective for smaller weapons (e.g., reduces INR to 90 R for a 200 KT

wea,.on at 20 psi). A 12-foot span length requires a 12-inch slab to resist

the blast effects from a I MT weapon at 30 psi. However, because of the

balanced design principle, it would be necessary to increase the slab thick-

1< ness to 14 inches so that the slab will attenuate INR as well as resist the

design blast loading.

- 3.2 Shelter Standards

Any shelter incentive program requires that shelter standards be estab-

lished that can be utilized by architects and engineers to incorporate pro-

tective features in the design of new buildings. These standards must contain

the shelter design criteria for both fallout and all-effects shelters. Appendix

L1 B to this report contains suggested shelter standards for inclusion in a shelter

incentive program. The format of these standards is based p--marily on FEMA
10

publication TR-87. Changes were made in the areas concerning: (1) need

for emergency power generators to operate ventilation and emergency lighting

for the shelter area; (2) need for E'MP protected equipment; (3) need for water

containers and chemical toilets; and (4) need for incorporating blast, thermal,

"and INR criteria. The shelter standards provided in Appendix B would be

applicable for any of the incentive program options considered in this study.

The protective standards offered in Appendix B are discussed in Section VI.

3.3 All-Effects Shelter Costs

Unlike fallout protection, which may be inherent in the design of

many types of structures, all-effects shelters usually require specific

"actions by building dzoigners to strengthen the various structural elements

(e.g., walls, overhead floor slabs, and doors) to resist the dynamic loadings

*; resulting from a nuclear explosion. Buildings usually have a reserve strength

(i.e., a built-in safety factor) to safeguard against collapse when actual

forces exceed design values, but this reserve strength typically is not

sufficient to withstand the blast forces that may exceed design values by

several times. Most existing buildings will collapse at overpressures greater

than 10 psi.
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While a methodology for designing all-effects shelters is available, there

has been little construction of such shelters for general population protection

purposes. Most of the construction that has taken place has been primarily

.or military purposes and for emergency operating centers rather tnan person-

nel shelters. In the mid to late 1960s, the Federal Government embarked

,n a number of programs whi:h encouraged the incorporation of fallout protec-

-ion in the design of new buildings. Similar programs for all-effects shelter

were never implemented. As a result, there is a paucity of data available

on construction costs for all-effects shelters incorporated into new construc-

tion.

As noted earlier, Murphy et al conducted a series of feasibility studies

on techriques for slanting the design of basements in new buildings to provide

protection against blast, and initial nuclear, thermal and fallout gamma
4

radiation. Their report was intended as a guide for architects and engineers

who may be called upon to design all-effects shelter in the basement of

Snew building. The report not only provi.ded detailed design procedures

-or concrete slabs to be placed over the all-effects shelter area, but also

included estimates of the incremental shelter costs for modifying the basement

designs of several existing buildings to provide protection for 15, 20, and

30 psi overpressures. All-effects shelter cost estimates extracted from

this report are presented in Table 3.1 with cost data updated to reflect

1983 dollars. See Appendix C for details.

The data indicates that, as expected, all-effects shelter costs will

vary with the level of protection provided. As design blast overpressures

increase, shelter construction costs will rise. Costs for shelters designed

to resist 15-psi overpressure ranged from $17.12 to $21.19 per square foot

of shelter area depending on the size of the shelter. Large shelters generally

have lower unit costs than small shelters. When design overpressures are

increased to 20 psi, shelter costs ranged from $18.74 to $22.67 per square

foot of shelter area. A further increase of design overpressure to 30 psi

increases the range of shelter costs from $23.09 to $27.72 per square foot.

It should be noted that Murphy et al analyzed only four buildings to arrive

at their detailed shelter cost estimates for slanting basement designs.

Admittedly, this is not an adequate data base, but they are the only data

currently available on basement all-effects shelter slanting costs that
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are applicable to a shelter incentive program. Additional research to expand

this data base needs to be accomplished. Also required is further research

on new and innovative design techniques and materials that will reduce all-

effects shelter costs.

The study conducted by Murphy et al4 also provided an insight as to

how basement slanting costs are distributed into various cost categories.

The total all-effects shelter costs were broken down into four different

cost categories - structural, blast doors and closures, ventilation, and

all other coats. The results are presented in Table 3.2. The data indicate

that structural design modifications account for an average of 62-71 percent

of the total shelter costs. Blast doors and closures account for an average

of 11-13 percent of total cost. Ventilation costs account for an average

of 12-20 percent and other miscellaneous costs account for 4-6 percent of

the total shelter cost. Ventilation costs include the provision of emergency

electric power. In general, these costs are consistent with the standards

presented in Appendix B.

3.4 Cost of Inducing a Basement

On a national basis, approximately 75 percent of slantable buildings

have basements. This varies from State to State. Those States located

in the "sunbelt" generally have the lowest rate of basement construction

(e.g., FEMA. Region IV and Region IX have basements in 53 and 59 percent,

respectively, of their buildings whereas States in FEMA Regions VIII, V,

and VII have 91, 86, and 85 percent, respectively, of thcir buildings with

basements). A considerable amount of excavation and grading is required

to provide the proper foundation for large buildings. Therefore, the incorpor-

ation of a basement in the building design usually is not a large cost item.
11

Cost data in the Means Catalog indicate that construction costs 4n the

sunbelt States average about 10 percent less than in the northern ti'r but

it is not clear how much of this differential, if any, is due to a smaller

incidence of basements. As an example, construction costs in Denver, where

basements are usual, are about the same as in New Orleans, where basements

are rare.

Basements usually provide the best location for multihazard protection

but are not practical in areas of high water table, subsurface rock, or

• • ." . , •. . - ' . "' ,. - .'. % • ' ' ' " , ' . " . , . " " • "- " . . -
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expansive soil conditions. Where conditions preclude the construction of

basements in a normal manner, they can be designed partially or wholly above-

ground with earth berms placed around tne shelter story, thus inducing an

"artificial basement." The costs of inducing a basement through earth berming

will have to be added in determining final shelter costs. Indications are

that such additional costs could be significant.

The cost of a berm for all-effects shelter is affected by the requirement

fot a slope no greater than I vertical for each 3 horizontal. The slope of

a berm for fallout protection can be much steeper and, hence, the volume of

earth required can be reduced. For a shelter area of about 10,000 square

feet, an all-effects shelter berm 10-ft. high will cost about $6 per square

foot of shelter area, thus adding 20-25 percent to the unit costs shown In

Table 3.1. This cost includes providing (1) an asphalt waterproof coating

to the outside walls of the first story, (2) furnishing backfill material

delivered to the job site, (3) placement of soil using earthmoving equipment

and hand labor, (4) compaction ueing an air-powered tamper, and (5) seeding

of the finished area to prevent erosion. Partial excavation to a depth of

only 3 feet could halve the estimated cost. The prevalence of conditions

in the sunbelt States that would make a bermed shelter story necessary is

unknown.

3.5 Blast Closures

To be fully effective, all-effects shelter areas must have openings

"1"sealed" to prevent air blast from entering, as specified in Appendix B. The

unit costs summarized in Table 3.1 include such closures and guidance for

the design of blast doors and closures will be found in Reference 4. The

30-psi doors used in these designs ranged in cost from $2,388 to $3,337 each.

Since provision for off-street parking is an important peacetime use for basement

space in large buildings, H. L. Murphy in Appendix C has designed and costed

a sliding door for use in an underground parking area similar to building

4A in Table 3.1. The concrete vehicle door was 12 feet wide (clear span of

10 feet), 8 feet high (clear height of 7.5 feet), and 14 inches thick for

INR attenuation. Door costs ranged from $2,971 for 15-psi blast resistance

to $3,261 for 30-psi blast resistance. These costs include concrete, rein-

forcing steel, rollers, and rails for sliding the door closed. Additional
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costs of reinforcing the garage walls to carry the load applied by the door

are not included. In general, door costs for parking garage application appear

to be consistent with those entering into the case study results.

Closure panels would be required for the ventilation ducts that penetrate

the cover slab over the basement all-effects shelter. Either automatic or

hand closed blast closures are reruired at the ventilation intake and exhaust.

Such closures are also required for ventilation ducts penetrating the shelter

cover slab to prevent the air blast from entering the shelter area. For slanting

the designs of all-effects shelters it is most desirable to ieduce or eliminate

the openings in the basement cover slab. This includes all types of openings

such as ventilation ducts or elevators. For practical purposes, entry to the

basement must still b. provided, but if stairs or elevator shafts leading

to the basement were located on the outer face of the building, considerable

savings could be effected in shelter design. However, this may not be accep-

table for normal everyday usage of the space and therefore, it may be necessary

to resort to use of the blast closure devices noted previously.

3.6 Fallout Shelter Costs

During the mid to late 1960s, information was collected by the Office

of Civil Defense (OCD) on buildings slanted for fallout shelter. Shelter

costs varied from I to 3 percent of the total building cost. Based on this
.12

experience, OCD proposed an experimental fallout shelter grant program

in 1970 that included a proposed subsidy of $10 per shelter space having a

Protection Factor of 40 or more. This subsidy was based on observed incremen-

"* tal costs of $7 to $10 as of 1969 (70 cents to I dollar per square foot).

During the past 15 years, construction costs have increased. To ascertain

the magnitude of thia increase, two data sources were reviewed:

a. Engineering News Record

The Engineering News Record (ENR) published by McGraw Hill provides

a weekly construction news magazine that included Cost Indexes based on a
13

20 city average of construction costs. Data extracted from ENR publications

covering the period 1969 to 1985 is presented in Table 3.3. The Cost Index

includes five cost categories (i.e., construction, building, unskilled IaLor,

skilled labor, and materials) and values are provided for each category as
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of a given date. By comparing Cost Indexes for each category over a specific

time period, one can determine a cost increase ratio. For ,'r';-,le, referring

to Table 3.3, the cost increase ratio foi the period January 1969 to January

1983 for the materials category can be obtained by dividing 1593.69 by 548.91

to obta.n 2.90. This indicates that materials that cost $I in 1969 would

ccst $2.90 in 1983. The average cost increase ratio for the five ENR categories,

as shown in the last column of Table 3.3, was found to be 3.15 (i.e., typical

construction costs in 1983 were 3.15 times that they were in 1969).

b. Means Cost Data

The Robert Snow Means Company, Inc., Engineers and Estimators of

Kingston, Massachusetts, publl'sh "Building Cost Data" on an annual basis. 1 1

This dov'rnent will be referred to as the "Means Catalig." The 19"'1 editi'n

of Means Catalog includes data accuLLulated from actual construction job costs

in 1983 and material dealers' quotat:ons as of January 1, 1984 combined with

January 1, 1984 labor rates. Therefore, the data in zhe Means Catalog for

a given year is more representative of a,- lal costs for the prior year. By

comparing data in appropriate yearly editit.-s of the Means Catalog, one can

ascertain construction cost increases over the desired period. Data extracted

from the Means Catalog suggests that during the period from 1969 to 1983,

construction costs increased by a factor of 3.13.

3.7 Other Fallout Shelter Cost Considerations

Other factors that significantly affect the cost of ptoviding fallout

protection in a structure include the following:

a. Level of Protection

If consideration is given to increasing the level of fallout protec-

tion from a minimum level of PF 40 to a minimum level of PF 100, one can expect

that this will impact on the shelter cost because of the increased shielding

needed. For basement shelters that are completely below grade, the increased

level of protection usually can be artained by increasing the overhead slab

(i.e., ceiling over the basement) by 35-40 pounds per square foot in mass

thickness. This is equivalent to adding 3 to 3j inches of concrete to the

basic slab thickness needed to provide a PF of 40. It also will be necessary

to provide slightly larger columns and footings to support the additional

dead loaQ resulting from the increase in overhead concrete slab thickness.



3-15

co 0
'00
--

LLI 00
Le) -; 1; % 0% N z

C, '- N '.0'C0C

-i w- Z

Sx I .

=C C= C F? N

- ~ ~ 1 -. Cn~

-1 ,? r- - , 0

' %C4 n r- '..)

- N -.

0 C o a

-0 u



3-16

Cost estimates for increasing the fallout protection frcm PF 40 to PF 100 range

from 80 cents to $1.30 per square foot, depending on building size and config-

uration and number of stories.

b. Shelter Equipment

Included in normal building construction costs are those costs neces-

sary to maintain comfort and habitability. While fallout shelters are generally

austere in nature, consideration can b- given to including equipment necessary

to maintain a lifesaving capability. When people are placed in a shelter

environment at 10 square feet per person. heat build-up may become a przblem,

depending on shelter location and time of year. Ventilation equipment is

essential to maintaining a habitable environment. FEMA and its predecessor

agencies have done much reqear&h and dev!1opnent in the area of -,c1ter verti-

lation and special shelter ventilation equipment has been designed. These

include a Packaged Ventilation Kit and a Kearny Air Pump (i.e., punkah faa)

to provide sufficient outside air and air movement within the shelter. However,

such equipment has not been mass produced and is not currently available in
"over-the-counter" transactions.

A better alternative is to provide emergency power generacors to

operate either existing ventilation equipment or newly installed fans necessary

to provide the required ventilation. The generators also provide for emergency

lighting in the shelter area. In a post-attack environment, it is not likely

that commercial electric power will be available and, therefore, use of emergency

generators provides a feasibl- "--1::!on to the habitability problem. Further-

more, it also is attractive for those areas subjected to frequent natural

disasters wiiere power outages are common.

If such shelter equipment is to be provided, shelter costs will

undoubtedly increase. The amount of increase is contingent upon the specific

equipment provided and the design. It is difficult to develop precise shelter

equipment costs without specifying a given design. However, for situations

involving Packaged Ventilation Kits, data indicates costs on the order of

20 cents per square foot. Use of small emergency generators to meet emergency

lighting for shelters may increase costs from 1.0 to 20 cents per square foot.

Additional power for shelter ventilation may increase shelter costs from 80

cents to $1.50 per square foot, depending on building design and ventilation

system used.
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I c. Basement Wall Exposure

Basement walls surrounding the fallout shelter area that are exposed

Sand not completely belowground reduceý the level of protection available to

shelter occupants. The completely bFilowgrade basement utilizes the earth

as well as the shelter walls and roof to attenuate the gamma radiation; the

exposed basement walls normally do not have sufficient mass to protect the

:shelter area. Therefore, earth berm- placed against the exposed portion of

,the basement wall are necessary to provide the needed shielding. However,

this may increase the cost for providing fallout protection.

3.8 Shelter Cost Summary

Table 3.4 provides a summary of the anticipated costs for fallout and

all-effect7 -ýb,!.ters discussed in this Section. One must recognize that Lhe

costs associated with incorporating shelter are directly related to a building's

geometry. For example, multi-story buildings have a considerable amount of

fallout protection located in the upper stories as an inherent part of the

design. Tittle, if any additional costs are required to obtain fallout protec-

tion in this type of structure. However, basements are preferable for multi-

hazard protection. All-effects shelter must be constructed belowground in

order to be economically practical. Table 3.4 presumes basement shelter for

both fallout and all-effects protection. If earth berms must be provided,

their cost must be added to the shelter cost. The final column in Table 3.4

shows unit costs that would be reasonable to use in planning a shelter incen-

tive program, considering the general nature of slantable construction described

in Section II.:

It is often desirable to express shelter costs as a percentage of the

overall cost of constructing a building. Typical results are shown in Tables

3.5 and 3.6. It will be noted that all-effects shelter generally runs less

than 5 percent of total building cost. Exceptions are commercial buildings

and multi-family housing. The relatively high cost in commercial property

is the result of two factors: (i) low unit cost of construction, and (2) the

* need to provide shelter for both employees and customers. The somewhat higher

cost in multifamily housing is because of the low unit cost of construction. (
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TABLE 3.4

SHELTER COST SUMNARY

(1983 Dollars)

Estimated Recommended
Shelter Type Cost Range Planning Value

($ pet sq. ft.) ($ per sq. ft.)

PF 40 Fallout 3.00 - 4.65 4.00
PF 100 Fallout 3.81 - 5.95 5.00

15-psi All-Effect3 17.12 - 33.24 20.00

20-psi All-Effects 18.74 - 22.67 22.00

30-psi All-Lffects 23.,9 - 27.72 27.00
Earth Berms 1.80 - 14.20 6.00
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3.9 Home Shelters

Although the main thrust of this study is toward programs to incorporate

public shelter space in new construction, it may be seen desirable to provide

incentives for the incorporation of appropriate protection in individual homes.

As shown in Table 2.4, nearly a million one-family houses will be built in

an average year. Only two-thirds of these have been included in the category

of "One-Family Developments" in Tables 3.5 and 3.6. By excludirg individually

built residences, the potential for about a million shelter spacea yearly is

lost, assuming an average household size of about 3 persons. Moreover, buildings

with less than 5 housing units have been excluded from the category, "Multi-

Family Housing." These residences could be served by home-type shelters.

A major source of data on fallout protection in new residential structures

can be found in a report prepared in 1969 by the National Association of Home14
Builders Research Foundation. This report provided design details, specifi-

cations, and costs for 16 alternative shelter designs having a PF of 40 for in-

clusion in the construction of new homes. The additional cost of these shelters,

updated to 1983, ranged from $4 to $14.70 per square foot of shelter space.

The higher costs were associated with designs for houses without basements.

Improving the protection to PF 100 would increase these costs by about 25 percent, %

or to a range of $5 to $18 per square foot. Thus, a 5-person home fallout

shelter (50 square feet) could be included in a new home for $250 to $900.

Shelter also can be provided for the occupants of both new and existing

homes by burying a shelter completely belowground adjacent to the residence.
15,16Examples of such shelters can be found in FEMA publications that describe

a PF-40 fallout shelter and a 15-psi blast shelter, each accommodating 6 people.

Construction cost data for these designs is not available. Our estimate is

dat the fallout shelter would cost about $6,000 ($100 per square foot) and

the blast shelter $10,000 ($167 per square foot). Larger shelters for 10 to

20 persons have been designed that protect against 30 to 50-psi blast over-

pressure at an estimated cost of $65 to $105 per square foot.1 7

t o..~
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SECTION IV

ANALYSIS OF INCENTIVE OPTIONS

4.1 Introduction

In the present context, incentives are offered to owners of proposed new

structures in an attempt to induce them to include public shelter space in

the projects when they are built. Owners differ in their roles in society

and in the nature of their ordinary activities and thus may be expected to

have different purposes and objectives in building the new structures, some

(e.g., governments) to obtain places in which to conduct their normal activities,

others to sell ir rent them for profit. It is also to be expected, then, that

different owners will respond favorably to different kinds of incentives. In

addition, while some of the available incentives might be appropriate for all

classes of owners, others would simply not apply to some of them.

4.2 Classes of Ownership

For the discussion of incentives, owners can be classified on two bases:

(1) the purpose for which the proposed structure is to be built and (2) the

liability of the owner to pay taxes to the Federal government. Six classes of

owners can be identified for this purpose:

"* Federal Government: all agencies of the Federal government.

"* State and Local Government: all agencies of State and local govern-

ment except as owners of primary and secondary schools; hospitals, clinics, and

nursing homes; and recreational facilities.

0 Health and Welfare Instittitions: government and private owners of

primary and secondary schools; government owners of hospitals, clinics, nursing

homes, and recreational facilities; and all nonprofit institutions exempted

from Federal taxation under Sections 501(c) and 170(c) of the U.S. Internal

Revenue Code (26 U.S.C. 501(c) and 170(c)).

* Other Nonprofit Institutions: fraternal and other institutions

listed in Section 501(c) but not qualifying for exemption uz.ar Section 170(c)

of the U.S. Internal Revenue Code.

0 Residential Property Entrepreneurs: owners of facilities to be built

for use as housing: including homes, apartment buildings, hotels and metels.

* Industrial Entrepreneurs: owners of facilities to be ouilt for use 1%

in industry and coimrce.

L a
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Table 2.12 shows that the latter two ownership classes, which constitute

the private for-profit sector, dominate the construction scene. They are

responsible for about r -o-thirds of the buildings to be built and, if one-family

developments are included, about three-quarters of the valuation of new construc-

tion. Thus, incentives to include multi-hazard shelter certainly must appeal

to private entrepreneurs if a shelter incentire program is to be successful.

J. B. Wellisch et alI analyzed the nature and role of building owners

in the slanting of new construction for fallout shelter in 1970. They found

sharp differences between public owners and private owners in their attitudes

and characteristics. The two groups were similar in their awareness of the

Government's fallout shelter program: 81 percent of public owners and 71 percent

of private owners were aware. But, over half the public sector officials inter-

viad had soma knowledge of fallout protection as compared with less .an one-

quarter of the private sector respondents. To quote the research findings,

"In the dimensions of attitude and level of knowledge, there
appear to be significant differences between the sectors with the
private sector scoring fairly low in both dimensions. This is
somewhat surprising, sitce it will be remembered that no interview
could be arranged with more than half the private cases contacted,
which led us to expect that the interviews that were granted were
with the less negative and sore knowledgeable of the privates.
This could imply that differences between the two are so extreme
that screening tended to amnimize but not erase these differences.
Also, the fact that negative responses to our requests for inter-
views came solely from the private sector, is in itself a startliug
bit of evidence that the public and private populations are basic-
ally different."

At the time of the interviews, building construction costs were increasing

at a rate of I percert per •cth. This inflationary situation, coupled with

difficulties in getting approval of bond issues in the public sector, made

both groups extremely sensitive to additional costs attributable to fallout

shelter.

"Cost as a reason for nonparticipation did not discriminate

private from public cases, nor did it discriminate those with
negative attitudes toward fallout protection from those with
positive attitudes. Even individuals who evidenced a high degree
of personal commitment, as well as those who represented organi-
zations that had a policy to incorporate fallout protectirn where
feasible, gave additional costs as a prohibiting factor."
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Fear of inflation also made delay a critical issue in dealing with the

Government. Often rcferred to as "red tape", there was some indication that

worries about possible delays in the construction schedule would have dis-

couraged many from participating in a shelter slanting scheme even if cost

was not an issue.

4.3 Kinds of Incentives

Several different incentives are appropriate for a program that involves

action by the owner to include shelter in a new building or project. These

incentives are generally of two kinds: (a) those that impose a penalty if the

owner does not participate and (b) those that offer a benefit if the owner

does participate.

Two nf the Inrentives impo'e a penalty:

0 Legal Mandate is the requirement by Federal law that shelter be

included in all newly-constructed buildings (or projects not exempted) with

penalties for failurc to comply.

* Program Qualification is a denial of the opportunity to participate

in any program in which the Federal government provides financial assistance

to the owner if the owner fails to incorporate shelter.

Three of the incentives offer a benefit:

"* Direct Payment is a payment of funds by the Federal government

either directly or through low-interest loans.

"* Indirect Payment is a forgoing of the collection by the Federal

government of some or all ol the tax payment the owner would otherwise make.

0 Technical Assistance is the supplying to the owner by the Federal

government, without charge, of technical information to assist in incorporation

of shelter, reduction in its cost, or both.

4.4 Legal Mandate

Without doubt. the most effective incentive could be the enactment of

a public law requiring all owmrs to incorporate shelter in new construction

and establishing penalties for non-compliance. Versiona of this approach have-4

been tried in several States in this country and other versions are common

in several European countries as described in Section I.
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However, it might not be appropriate to require every owner to incor-

porate shelter in every newbuilding. As discussed in Section 2.12, requiring

the inclusion of shelter in small projects would introduce inefficiency in

program management. And, i. - minim- shelter capacity (e.g., 50 spaces) is

wanted, requiring shelter in small projects would be inequitable because

the relative cost of adding shelterý in them would be high when compared to

that for larger projects. In addition, many projects would not be suitable

for inclusion of shelter because the normal use of the building is hazardous

"of itself. As a result of such considerations, a legal mandate requiring the

incorporating of shelter would have to provide for exemptions. These exemp-

tions would have to be limited because to allow exemption for trivial reasons

could well defeat the program.

Adoption of the legal mandate would not necessarily exclude other incen-

tives. For example, to require shelter in all buildings not exempted need

not preclude financial assistance to some classes of owners. In the past.

objections have been raised to requiring shelter in school buildings to be
paid for out of school construction appropriations because, it was held, the

appropriations were intended to provide education, not protection. And while

such objections may not be completely valid, they could erode public support

"for the program and lessen the probability of its %doption. Therefore, the

"legal mandate incentive could be accompanied by, say, direct payment for shelter

in schools.

The legal mandate incentive need not necessarily apply to all classes
of owners. For example, incorporation of shelter could be legally mandated

in government-owned buildings but voluntary for privace owners with other

incentives being offered. Or the legal mandate could be made to apply only

to the Federal government and other incentives offered to St&'e and local govern-

ments as well as private owners. However, unless the legal mandate is made

to apply to the Federal government as an owner, the prospect for voluntary

Sparticipation by other owners would not Likely le bright.

"In summary, then, the legal-mandate incentive can be made to apply to

some or all classes of owners either as the only incentive or in combination

with one or more of the other options. It is the only incentive appropriate
tto the incorporation of multi-hazard shelter in Federal buildings. Many would

"argue that mandatory shelter in Tederal buildings is an essential ingredient

in any broader shelter incentive program.
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4.5 Program Qualification

Program qualification would provide an incentive by requiring the owner

of new construction to incorporate shelter into a project in order to qualify

for federal financial assistance. In theory, denial of participation could

extend to any federal program whether related to construction or not. But

this would seem to be undesiLable because such a widespread intrusion would

necessitate overly complicated adminiotrative arrangements. Therefore, the

program qualification incentive would best be applied to those cther programs

in which the Federal government offers assistance for construction.

Federal progri.ms to support new building construction are limited to

housing, which can be seen in Tables 2.7 and 2.8 to constitute about 40 percent

of the potential number of new shelter spaces the incentive program might achieve.

Direct payments and loans are available only to nonprofit sponsors and State

and local governments; FHA and VA insurance are available to private individ-

uals. Currently active federal programs that could be involved in a program

qualification incentive for slanted construction include the following:

* FHA Mortgage Insurance: The Federal Housing Administration provides

insurance on mortgages for single and multi-family housing, mobile

homes, and health care facilities. This insurance prctects lenders N

from loss in the event of default on the loans and may thereby

enable borrowers to obtain loans that might otherwise not be avail-

able or to obtain better terms than are available in its absence.

* Housing for the Elderly and Handicapped (Section 202): HUD provides

direct loans to finance the constructicon of rental housing for the

elderly and handicapped.

0 Public and Indian Housing: HUD makes direct loans or annual con:ri-

butions to Public and Indian Housing authorities for debt servic. s

in the private sector.

* Rental Housing Development Grant (Section 17): HUD provides assist-

ance to States and local governments to enable development of rental

housing.

The proposed FY 1986 budget includes a two-year moratorium on new commit-

ments for the Elderly and Handicapped and Public and Indian Housing programs

and proposes no new commitments for new construction in the Rental Housing
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Development Grant programs. In general, the number of federal programs related

to new construction has been reduced 1,y eliminating programs or by changing

the emphasis to support of existing housing rather than new construction.

Statutory authority for such programs remain and new construction could be

reemphasized in the future. The dollar amount of activity in housing programs

in IQ83 is shown in Table 4.1.

How effective the program qualification incentive might be would depend

largely on how the potential participants in these housing projects would react

to the requiremnt. Incorporation of shelter would increase the cost of a project

and this could cause some developers to forego the project thus failing to

produce both shelter and housing. This adverse effect could be reduced if

payment incentives were offered to cover the cost of adding shelter especially

if they were made at the outset to eliminate the impact on long-term financing

costs.

4.6 Payment Incentives

"The obvious purpose of payment incentives is to induce owners voluntarily

to incorporate shelter space in their newly-constructed projects. It would

seem, then, that the legal mandate incentive would obviate payment incentives.

But this is not necessarily so. Requiring owners either to absorb the cost

of adding shelter or to pass it through to consumers could place some people,
owners or consumers, at an economic disadvantage compared to those who own,

occupy, or purchase goods or services produced in facilities built before the

eshelter incentive program. Inclusion of payment incentives in combination
'.'

with a legal mandate incentive would serve to reduce such inequities.

On the other hand, if the public were to become convinced of the need

for shelter, facilities with shelter would be more desirable than those without

it. In that case, consumers might well be amenable to higher prices and the

need for payment incentives would tend to disappear.

In the payment incentives (direct or indirect), the Federal government

"would bear some or all of the cost of incorporating shelter in new construc-

.- tion. Whether the govarnment should pay all of the cost or orly part of it

". "is a matter of choice in program design. In the absence of the legal-mandate

incentive, it seems likely that more shelter spaces would be achieved when

the Federal government absorbs all of the added cost or even pays a premium

g|.%
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TABLE 4.1

Ii
HOUSING PROGRAM ACTIVITY - 1983

Program Activity
($)

Public and Indian Housing

New Direct Loans 247,295,000

Guaranteed Loans 14,260,636,000

(New commitments)

Housing for Elderly and Handicapped

Dirprt loars 633,338,000

(Obligations incurred)
!L

Federal Credit Agencies V
New Multifamily Housing (1) 2,700,000,000

(Loans originated)

Sources:

1. Statistical Abstract, 1985

2. All other: Appendix to 1985 Budget
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than when it pays only a part of it. But whether the government is to absorb

part or all of the cost, it is necessary to determine on what cost the payment

is to be based.

The "cost" of adding shelter can be arrived at in two ways. In one,

alternative dc.signs for the proposed project can be made (one without shelter,

the other with it) and the cost of eaan estimated. The difference between

the estimates can then be ascribed to the incorporation of shelter. In the

other, a flat-rate allowance for shelter space can be established and the added

cost of shelter can be taken to be equal to the rate times the number of shelter

spaces to be created. Both methods have been proposed in past program designs.

The rationale for the two-design method has been that it eliminated the

possibility of the owner's making a profit on the ircorporation of shelter.

But this is not necessarily so. Cost estimators are ingenious and it would

require detailed analysis of the two estimates to assure that the difference

between them truly reflected the cost of adding shelter. In addition, the

cost of making Lhe alternative designs and cost estimates are logically attrib-

utable to the adding of shelter and of themselves serve to increase its cost.

On the other hand, the use of the flat-rate is simple; it requires only a
determination of the number of shalter spaces to be achieved, thus eliminating

both the added cost of the alternati-ve designs and the administrative cost

of reviewing them.

In addition, the "no-profit" rationale seems to contain several fallacies.

In the first place, production of other elements of national defense is not

performed "at cost." Those who build guns and ships and tanks arQ allowed

a profit. Besides, development of new techniques and methods of slanting new
construction to obtain shelter and a resulting reduction in slanting costs

can be expected as a by-product of the efforts of owners (and their architects

and engineers) to incorporate shelter at less cost (to the owner) than the

flat-rate allowance.

It appears, then, that more shelter would be produced for a given program

cost when payments (direct or indirect) are based on a flat rate per shelter

space, giving due recognition, of course, to the difference in cost between

all-effects shelter and fallout shelter.
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In the direct payment incentive, the Federal government would provida

funds to the owner to defray the cost of adding shelter. In the indirect pay-

ment incentive, the government would forego collection of taxes owed by the

owner in an amount equivalent to a direct payment. Thus, the indirect payment

incentive would be available only to owners who have a federal tay liability

while the direct payment incentive could be made available to all owners.

In the case of tax-paying owners, the choice between direct and indirect

payment incentives is a matter of prcgram design. And while it may seem that

it makes little difference which is chosen, that is really not so. It costs

money to collect taxes and to make payments and the gross cost of obtaining

shelter spaces through indirect payment incentives should be less than through

direct payment. On the other hand, serious objections have been raised to

use of taxation for purposes other than raising revenue and critics often point

to the difficulty in identifying the real cost of a program when payments are

made in the form of tax offsets.

4.7 Direct Payment

In the direct payment incentive, the Federal government would pay out

funds -- actually or in effect -- to the owner for the incorporation of shelter

in new construction. This payment could take several forms:

* Grant. In this farm the Government would pay to the owner the

amount of money -stablished by the terms of the program for the

type of shelter (all effects, fallout) and the number of spaces

incorporated in the project.

3 Low-interest Loan. In this form the Government would lend the

money directly to the owner to finance the new construction at

an interest rate below the market. Ta effect, a grant is pro-

",ided equivalent to the present viuc of the difference between

the amount of 4-terest the borrower is scheduled to pay and that

whichi he would have had to pay at the market rate over the life

of the loan.

* Loan Subsidy. In this form, a commercial lender would make the

loan at the below-mark-t interest rate and the Government would
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reimburse the lender for the present value of the difference between

the amount of interest the borrower is scheduled to pay and that

which would be paid at the market rate. In housing programa this

has been done tbrough the Government National Mortgage Association

(GNMA), who buys the loan from the commercial lender and sells it

at a discount in the secondary market.

While all three forms of payment could be made available to all owners,

grants and low-interest loans have been made only to state and local govern-

ments and to nonprofit sponsors. Loan subsidies can be made available to

"any owner who requires financing in the commercial market.

Direct payment is the only payment incentive appropriate for offering

ro owners who have no federal income tax liability: Federal, State, and local

governments and selected health, welfare, and other non-profit institutions

(see Paragraph 4.2). Owners who have federal income tax liability could be

offered either direct or indirect payment incentives. They, of course, are

responsible for up to three-quarters of all construction.

While there may seem to be no point in making direct payments for incor-

poration of shelter in Federal buildings, the realities of appropriation pro-
cedures of the Congress may render it necessary. TLis would occur when one

committee passed on the appropriation for shelter and another on the appro-

priation for the project in which the shelter was to be incorporated. In

that case, it might be advisable to appropriate funds for slanting and provide

means for inter-departmental transfer of funds to supplement the funding of

the new project.

The Civil Defense Act of 1950 (50 USC App. 2251-2297) established civil
defense to be the Joint rasponsibility of the Federal, State, and local govern-

ments. Over the years, this division of responsibility has appeared several

ways. The cost of some program elements (e.g., supply of radiation instruments
and NCP planning) has been borne entirely by the Federal government. The

cost of others (e.g., construction of emergency control centers and program

N> management) has been equally divided between the Federal government and the

States. Therefore, the rfecedent e;:sts for direct federal payments to the

States for civil defense purposes.



4-1 1

The fraction (if any) of the cost of adding shelter to new State and

local facilities to be paid by the Federal government is a matter of program

design. It seems reasonable to expect that, so long as incorporation of

shelter is voluntary, the larger the fraction of its cost borne by the Federal

government, the more likely it is that shelter will be incorporated. On

the other hand, when slanting is mandated by Ideral law, full compliance

may be expected. But the future of Federal grants and payrents to the States

is uncertain at this time. And while this is not the place for a discussion

of Federal grants, it does seem logical that the Federal government ought

to be prepared to pay for whatever it demands.

Direct federal payments are the only incentive available for Health

and Welfare and Other Nonprofit institutions absent the legal mandatý .ncentive.

Even with the legal mandate, direct payments to Health and Welfare owners

would be appropriate. These institutions provide services seen to be important

to the public good and all of the funds available to them, whether from taxes

or from charitable contributions would best be devoted to their original intended

purposes. Whether direct payments to other nonprofit institutions in addition

to the legal mandate would also be appropriate is not as clear. However,

In the absence of a legal mandate, direct payments to Health, Welfare, and -.

Other Nonprofit institutions for the incorporation of shelter seems necessary

if a substantial participation in the progzam by such institutions is to

be achieved.

4.8 Loan Subsidies

It can be seen in Table 2.12 that about two-thirds of the potential

pvojects (Private For-Profit) could be eligible for loan subsidies if this

form of airect payment were ±ncluded in the program. One precedent for such

an incentive is found in the Solar Energy Bank in which the subsidy is paid

ca that portion of the loan attributable to the cost of buying and installing

solar energy equipment. In that program, payment is made to the lender on

origination of the loon. The program is administered by GNMA who testified

that few additional employees would be required for its adminiatration.

Another precedent is found in Section 235 and 236 housing programs in

which interest rate subsidies are intended to encourage builders to construct

lower income housing. These subsidies were combined with loan guarantees

to encourage lenders to participate. Payments were made to the lending
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institutions equal to the difference in monthly installments between amortiza-

ation at the FRA ceiling rate and that calculated at one percent interest.

According to HUD,2

"This mechanism (Section 236) proved to be quite successful in
encouraging developer participation resulting in very high levels
of program activity. Overall Section 236 produced more multi-
family housing units in only a few years than an- other multi-
family Insurance program and more total units than every other
subsidy program except public housing."

On the other hand, the Section 236 program has been criticized for having a

costly combination of subsidies and for the high default rate which has been

attributed to the loan guarantee provision.

It appears that the Solar Energy Bank would be a suitable model for a

loan subsidy program for a shelter incentive. In it the subsidy is related

to the cost of installing the solar equipment. In the shelter incentive program,

the subsidy could be related to the cost of incorporating shelter or to a flat-

rate allowance depending on the design of the program.

4.9 Indirect Payment

In the indirect payment incentive, the Federal government would allow

an owner who incorporates shelter in new construction to reduce the amount

of his liability for federal income tax. Two principal methods are use4 for

determining the amount of the reduction:

0 Tax Credits. A tax credit is a direct offset against the income

tax liability: dollar for dollar. It can be made to apply to the current

year's liability and if it exceeds that amount, It can be made to carry back

to previous years or forward to subsequent years. The amount of Zhe offset

is fndependent of the taxpayer's marginal tax rate.

a Tax Deduction. A tax deduction is an offset against the income

on which income tax is levied thus reducing the &mount of the tax liability.

The amount of the reduction in tax liab'ility for a given amount -f deduction

depends on the taxpayer's marginal rate. Several form of deductions have

been employed in programs that may be comparable to the shelter incentive

program.

The machanasma for administering a tax incentive option exists through

the normal procedures of the Internal Revenue Service. The primary concern
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of the IRS would be the auditability of the credit or deduction. This could

be achieved throu3h a field certification program by qualified shelter analysts

which would likely be a requirement for any incentive option. The certificate

could be submitted along with a simple form to claim the deduction or credit.

The deduction or credit would be handled by the IRS as any other tax incentive.

The IRS role in auditing the incentive could be limited to verifying the authen-

ticity of the certificate if the incentive were structured on a performance

basis. If it were structured on a cost basis, te IRS would have to determine

that the costs were substantiated as well. The indirect payment incentive

approach should not significantly increase the IRS workload.

4.10 Tax Credits

Numerous tax credits are currently allowed by the tax code, thus estab-

lishing a substantial precedent for a tax-credit incentive for incorporation

of shelter. Notable currently are the provisions of credit for i nvestment

in a variety of property; e.g.. machinery, equipment. reforestation, energy

conservation, agricultural properties for production of food and fiber, and

ii rehabilitation of older and historic buildings. The amount of credit varies.

For qualifying rehabilitAtion projects, the credit is equal to 25 percent of

the cost of rehabilitating certified historic structures, 20 percent for 40-

year-old buildings, and 15 percent for 30-year-old buildings. For investments

in other qualifying property, the credit is equal to 10 percent of 60 percent

of the cost of 3-year property and of 100 percent of the cost of 5-year (or

more) property. The amount of the credit is limited to the first $25,000 of

tax liability and 85 percent of the liability exceeding $25,000. Currently.

the investment tax credit does not apply to real property. Us* of tax credits

in some recent years is shown in Table 4.2.

There is precedent for a flat-rate/unit type of tax credit. Fuel produc-

tion from non-conventional sources earns a credit of $3 per 5.8 million BTUs

produced and sold. In addition, a credit of 50 cents per gallon is earned for

use of alcohol as fuel. However, adoption of a flat-rate/unit tax credit as

a shelter incentive would require the addition of a new provision to the tax

code rather than a modification of an existing provision.

Builders/developers appear to have a clear preference for tax credits

as opposed to other forms of tax incentives. In a survey nf the opinions of
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investors with respect to tax law provisions affecting multi-family housing,

it was found that tax credit was the best change to make during the construc-

Zion period to make apartment investments more attractive.3 Testifying before

Congress, Mr. Peterson of the National Association of Home Builders said that

*. the tax credit approach to enco'iraging construction "is the most preferable

incentive to builders across the country." Credits appear preferable to deduc-

tions because.

0 they are a more direct type of incentive: easier to understand

"and to compute,

they provide a greater sense of liquidity because the invested capital

"is returned more quickly, and

e they treat all taxpayers equally regardless of tax bracket and

relate the benefit directly to the amount invested.

Evidence found in Congressional hearings on incentives for various purposes

indicates that the tax credit approach is preferred over other types of incen-

tives such as direct payments and subsidies. In the opinion of Rep. Ullman,

5 tax credits are preferred because they have wider application and minimize
4

red tape. This does not mean that the Congress does not have reservations.

"* Rep. Frenzel expressec. his concern that an incentive might give someone a prize
4

for doing something he would do anyway.

4.1i Amount and Structure of Tax Credits

It is almost axiomatic that tax credits affect economic behavior. How-

ever, the credit must be sufficiently large in order to be effective in moti-

vating large numbers of developers to participate in whatever a program is

trying to achieve. For example, it has been concluded that the 10 percent

"Energy Investment Tax Credit has had no impact on industry decisions to invest

Sin energy efficiency.5 According to Dr. Roberg (OTA) in his testimony, the

10 percent credit was

".. too small to exert any change on the returns of investment of
most projects or on the cash flov of the company. A firm has an
overall objective of increasing productivity and therefore profit-
ability when making an investment.... Ener~y is just one of the
many factors determining productivity of a given process, and a
targeted incentive, such as the EITC, is diluted to the degree
energy efficiency must compete with other factors for investment
"priorities."
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It meas judged that the EITC would have to be increased to 40 percent to be

effective.

The cituation with respect to a tax credit for incorporation of shelter

is somewhat analogous to the EITC in that targeted shelter credit would be

only one of many factors influencing the decision of the developer on building

design to achieve a profitable investment. In fact, tha shelrar situation

is more difficult because slanting to create shelter, unlike an investment

in energy efficiency does not in and of itself yield a return on investmetc.

At present there is not a perceived market for protected spaces that would

enable a developer to pass on the higher cost of slanted construction to buyers

or renters and thereby obtain a return on the investment in slanting. Unless

and until such a market were to develop, the tax credit would be the aole source

of a return on the investment in slanted construction. Therefore, the tax

credit to be effective must be sufficiently large not only to reimburse the

developer for the incremental cost of slanting but also to provide the developer

with a return on the incremental investment sufficient to motivate him to make

the additional investment.

In the main, shelter would be incorporated by slanting the construction

of below-ground spaces. Thus the costs of slanting vould be inc irred early

rather than late in the construction period. If the ambling legislation were

to allow credit to be claimed in the year the building is placed in service,

there would be a lag of about one year between the incurring of cost and the

realization of cash flow from the tax credit. The delay could be shorter if

the developer had a current tax liability and realized a cash flow through

reductim in estimated tax payments. It could be much longer if the credit

were carried over to subsequent years.

The effectiveness of the tax credit would be reduced if the enabling

legislation required a reduction in the basis for depreciation in proportion

to the slanting credit. If such a requirement were not imposed, the developer

would then receive the sae tax savings from the slanting portion of the cost

as on the rest of the building.

It appears, then, that in order for the tax credit incentive to be effec-

tive, it should be equivalent to the added cost of construction plus an amount

sufficient to provide a su.ficient return on the developer's investment in
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the shelter construction for the period between the incurring of the cost and

the realization of the credit.

4.12 Tax Deductions

Two forms of tax deductions are of interest in the context of a shelter

incentive:

e Accelerated Cost Recovery (ACRS). In this the annual depreciation

allowance is increased by shortentng the recovery period.

* Construction Period Expense. In this the interest on the investment

and the state and local taxes incurred during the construction period would

be allowed as necessary business expense.

In both types, the benefit available to the taxpayer depends on his marginal

tax rate.

A shelter incentive of the ACRS form could be adopted by a modification

of the current ACRS provisions in the tax code. It would require development

of an alternative deduction schedule based on a shorter recovery period for

qualifying property similar to che treatment of low-income housing which cur-

rently has a 15-year recovery period in contrast to 18 years for other real

property. It would also require that qualified non-residential property be

treated in the same manner as residential for recapture of ACRS allowances.

Currently residential ACRS allowances in excesu of straight-line recovery are

recaptured as ordinary income while all ACRS allo-v..ces for non-residential

property are recaptured.

The situation vith respect to ACRS as an incentive for incorporation I
of shelter is somewhat different from that for housing. There is a market
for housing and the ACRS tends to expand the market by reducing the cost to

tne consumer thus making the developer's investment appear more desirable.

However, there is no current market for shelter. As in the case of tax credits,

ACRS would be the sole source of a return on the invcstment in slanting. There-

fore, the ACRS would have not only to reimburse the developer for his invest-

ment in slanting but also provide him a return on that investment sufficient

to motivate him.

In the case of the tax credit, the delay between investment in slanting

and the realization of cash flow from the tax credit would be on the order
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of one year. In the case of ACRS, it would take 15 or more years for the h

developer to recover his investment and it would be necessary to provide him

a return on the declining balance over all that period. Thus, ACRS would be

far morn complex to compute and apply than a tax credit and it could well be

far more expensive. This problem, together with the dependance of the ACRS

benefit on the developer's tax bracket, appears to render a tax-credit incentive

far preferable to ACRS.

Currently, construction period interest and taxes must be amortized over

a 10-year period except for low-income housing and property not held for

business or investment. Prior to 1981, these costs were treated as expense

and deducted frcm income in the year in which they were incurred. As a shelter

incentive, qualifying projects could be excepted from the amortization require-

ment. Here again, the tax credit would appear to be far preferable because

expensing of interest and taxes might not reimburse the developer for his

investment in shelter, let alone provide him a return on his investment.

4.13 Technical Assistance Incentive

The providing of technical assistance in the methods of design and con-

struction for slanting of structures to provide shelter is a necessary incentive.

Uncertainty is a disincentive. Developers are not normally inclined to invest

in projects with which they are not familiar and which may not reasonably be ,

expected to produce a desirable return on their investment. Architects and

engineers are not normally inclined to take on design projects that are not

within their perceived areas of competence. Few developers have had "hands

on" experience in building projects that intentionally inc:orporated shelter.

And while a substantial number of architects and engineers have had some train-

ing in analyzing structures to ascertain their shelter capability, an ability

to analyze is not the equivalent of an ability to create a design that will

be efficient and economical.

To provide technical assistance, then, would serve to reduce the uncer-

tainty and enhance the effectiveness of whatever other incentives were offered.

That this is so is demonstrated in Paragraph 1.13 which recounts that some

owners who received technical assistance incorporated shelter in their new

buildings with no other incentive.
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In addition, the process of technical assistance (described in Section

V) provides a means of acquiring information on the improvements in the state

of the art of slanting new construction that are inevitable when architects

and engineers apply their ingenuity and resourcefulness to the problems encoun-

tered in designing buildings in real situations. It also provides a means

of introducing the new ideas quickly with the likely results of enhancing C

participation in the program and lowering the eventual program cost.

4.14 Applicability of Incentives

As noted earlier on, the applicability of some incentives is limited;

i.e., they are not appropriate for offering to all classes of owners. This

is shown in Figure 4.1 where it can be seen, for examp'.e, that the legal man-

date could apply to all classes of owners but the tax credit incentive could

apply only to iadustrial owners. It is noted that while grants and low-interest

loans could be offered to industrial owners, it has not been the practice r
to do that. Similarly, loan subsidies could be offered to State and local

governments but it has been the practice to subsidize them through grants

and low-interest loans.

4.15 Slanting Benefits and Penalties

Aside from the various types of program incentives noted and discussed J

in this Section, there are some additional design benefits to be derived from -

incorporating shelter in nei structures. The rapid rise in the price of oil

in the late 1970s caused building designers to focus :heir attentiou on energy

conservation design techniques to improve building thermal efficiency, thus

reducing consumption of energy. Studies made by the Defense Civil Preparedness

Agency 7,8 showed that shelter design and energy conservation features may be

considered as two of the many requirmnta in the building design process and

that architects and engineers can deal with both problems simultaneously. M~any

of the architectural design techniques that provide protective shelter i. a

building also contribute to energy conservation. For example, the size and

location of openings in a building will have a direct influence on a building's

shielding characteristics as well as its thermal efficiency. The same can be

said about selection of materials for their thermal properties. Walls and roofs

of heavier mass thicknesses, which are designed for shelter purposes, have lower

peak thermal transmission values than do lighter-weight enclosures.
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The design technique for placing a building (or a portion of a building)

completely or partially below ground not only improves its shelter potential,

but also improves its thermal characteristics and provides for more energy conser-

vation. In addition, increased attention is being given to below ground con-

struction, especially in urban areas, because of: (1) a shortage of space in

prime development areas; (2) continually rising costs of real estate; (3) a

reduction in excavation costs due to advancements in technology; and (4) an

increased sensitivity to the plight of displaced persons and the historical

value of buildings that have to be demolshed to make way for new construction.

Increased safety from tornadoes and high wind3 is another design benefit

from underground construction. Many school districts have taken actions to

construct their schools with portions completely below ground so as to provide

to'.ado shelters for students and teachers. These belowgrade areas also provided

fallout protection and could have been designed as all-effects shelters if this

had been a design criterion.

Other design benefits from underground construction include: increased
protctio fro nose plluton;10

protection from noise pollution;0 improved earthquake protection since sub-

surface facilities are subject to little or no structural shear during an earth-

quake; lower maintenance and operating costs since tare is less wear and tear

brought on by extremes of weather; and a potential reduction in vandalism since :1
windows, which are the frequent targets of vandals, are nonexistent.

While there are a number of design benefits to incorporating shelter in

building designs, it should also be noted that some changes in the design to

accommodate the shelter requirements may be detrimental to the normal daily

use and function of the shelter space. This is 'aore so for all-effects shelters

than those providing only fallout protection. For example, all-effects shelters

require that openings into the basement shelter area be "sealed off" to prevent

the blast overpressure from entering as well as shielding out the INR. Design

modifications such as providing blast doors, ventilatica closures, entryway

offsets, baffle walls, and relocating or shielding of elevator, stairwell, or

escalator openings would be required to attain all-effects shelter protection.

Some of these design modifications may interfere with the daily use of the shelter

space and, therefore, might be considered as a penalty or a "disincentive" by

the buildina owner or designer. Another disincentive may be the increased time

F..
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required for the design and construction of an all-effects shelter as opposed

to a non-protected facility. When building owners are faced with increased

costs, they may be reluctant to participate. Participation is more likely to

be forthcoming if there is a perception that the shelter incentives and design

benefits will more than offset the penalties involved and that an overall

financial benefit will be available to the building owner if an underground

shelter is constructed.

5I
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SECTION V

N PROGRAM MANAGEMENT ALTERNATIVES

5.1 Basic Program Needs

Irrespective of the program alternative that is finally selected, FEMA

program managers will need specific information and special resources availabie

to them to effectively implement and manage the Shelter Incentive Program

(SIP). In addition to the basic management technique for establishing a system

that will enable the program manager to measure effectiveness of the new program

to incorporate shelter in new designs, the following activities are also con-

sidered to be essential for the success of a Shelter Inc=ive Program:

(a) A system that provides data on new design and construction projects

(e.g., project size, type, location, estimated construction cost, etc.) for

project identification and tracking purposes. The sysrew should permit contact

with the project owner and designer to advise them of the shelter incentive

program and enourage (or mandate) them to include protective shelter in the

design of their new structure.

I (b) A capability and means for providing technical guidance and assist-

ance to project designers so that they can effectively incorporate proteccive

features in newly designed project-s early in the design phase when it is most
*,conomical to do so.

(c) A cadre of trained shelter a:alysts who will be able to assess

the quantity and level of shelter protiction provided in designs of new

structures and certify that such shelters were included.

5.2 Data on Individual Projects

Information on new design projects is available from commercial sources.

The best known and most widely used source is the F. W. Dodge Division of

McGraw Hill Information Systems Co., New York, N.Y. The F. W. Dodge Co. has

news gatherers in strategic locations throughout the country where they maintain

contact with the designers, planners, builders and others involved in new
design and construction projects. They maintain a data bank nf information on

sech new project that includes ongoing, detailed information or what is happen-

ing and what will happen throughout the life of the project - from its inception

until constructipn is completed and occupancy accomplished. Dodge Reports are

;L m I I(
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available for all States except Hawaii. Other reporting services will be

required if nationwide coverage is to be achieved.

The Dodge data bank includes breakdowns into 267 aifferent structure

types as well as dollar valuation, physical volume, number of dwelling units,

number of stories, location of project, area in square feet, type of ownership,

and framing description.1 It also identifies and provides a mailing address for

both the building owner and the architect. Reports are issued on a daily basis

whenever changes occur throughout the life of the project. Usually projects

enter the system and a report is issued when the owner first selects an architect.

As significant events or milestones occur during the life of the project (e.g.,

schematic designs completed, project out for bid, or construction contract

awarded), a new report is issued covering the event. A typical project may

have a dozen reports issued through its lifespan. Dodge Reports will usually

be received on a daily basis by mail from Dodge offices throughout the country

and considerable screening may be necessary to identify those projects that

meet the SIP crit-ria with respect to size, type, dollar valuation, ownership

class, etc.

A recent innovation to the Dodge Reports system is the introduction of the

Dodge Major Projects activity that focuses on projects having a dollar valuation

of $500,000 or more. 2 Unlike Dodge Reports, Dodge Major Projects information is

distributed to clients on a monthly basis using a conmuter format. Projects

in the Dcdge data base are screened by computer and only those that meet the

client's specifications are reported. The monthly reports are tailcred to

provide only the information desired by the client. The advantage to using

Dod-e Major Projects is that for about the same cost as Dodge Reports (i.e.,

approximately $90,000 per year), the client can receive the desired information

without havinS to manually review and screen the hundreds of thousands of Dodge

Reports that are received annually. A disadvantage is that the Dodge Major

Projects are issued on a monthly basis only, causing some delay in making

contact with new owners and architects.

Dodge Reports and/or Dodge Major Projects (and their equivalents) provide

a means for identifying new projects at an early design stage and provide

information tthat would permit FEMA to contact the project owner and the project

architect or des!*ner. Use of Dodge Reports and/or Dodge Major Projects infor-

mation would be desirable to provide a data base of projects initiated each
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year and provide a reference from which one can ascertain how well the Shelter

Incentive Program is doing. Contact with owners and architects is needed so

as to advise both parties of the Shelter Incentive Program and to encourage .7

their participation if a voluntary type of Shelter Incentive Program is adopted

or to provide basic information if a mandatory program is adopted. The contact

would also indicate that the design firm should have a shelter analyst on

their staff to help in the design process and to participate in the certifica-

tion procedure that identifies the shelter protection inc -ded in the design.

Should the design organization not have such an individual on their staff,

then technical assistance would be made available by FEMA through a Shelter

Advisory Center.

5.3 Shelter Advisory Centers

Incorporation of slanting techniques to include shelter in the design of

new structures can be accomplished much more easily and economically if the

design techniques are considered early in the design process. Once the design

is finalized, architects and owners are reluctant to sodify the design, since

such changes are costly. If shelter is considered as part of the design

requirement, it can usually be incorporated without adversely affecting the

normal function or use of the space and at an economical and viable cost. Thus,

advising the architectural team on the technical aspects of she'lter and on

slanting techniques early in the design phase of a project when the team still

has an opportunity to consider design alternatives is an important aspect in

administering a Shelter Incentive Program. One approach to providing such

technical assistance to architects and other designers is to utilize Shelter

Advisory Centers.

FEMA currently maintains a roster of specially crained architectural and

engineering faculty located at various universities throughout the country.

These instructors and professors are used to conduct courses in fallout shelter

analysis and protective construction to resist blast and other nuclear weapons

effects. They are knowledgeable in the technical aspects of shelter design
and construction and can be utilized as a technical resource to advise architects

and others involved in designing new structures.

The concept of providing shelter advisory services to the design community

is not new. In 1965, OCD established a network of University Advisory Service

.-i
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Centers. By 1970, there were 45 universities under contract to OCD that provided

suidance and assistance to architects on a nationwide basis to incorporate -a

fallout protection in the design of new facilities. 3 One university in each

State was usually selected to service the design professionals in that State.

Occasionally one university would service tw States. The advisory centers

were utilized most effectively with the introduction of a Direct Hail Shelter

Development System (DMSDS) in 1968 wherein architects and building owners of

new buildings were contacted by mail and urged to incorporate fallout protection

in their designs. As part of the direct mail solicitation system, architects '

and building owners were offered technical assistance (at no cost to them) to

facilitate incorporating the protective features. They were asked to contact

the advisory service center in their State if such assistance was needed.

Upon request, university staff would visit with ;he architect and provide

whatever assistance was desired. To avoid any criticism from the architectural

and engineering professional organizations, the University Advisory Service

Center personnel would not engage in actual design. They were restricted to

providing technical assistance and guidance, with the architectural team doing

the actual design.

Given the nature of the distribution of new building projects between

high risk areas (i.e., those places most likely to receive the direct nuclear

weapons effects of blast, thermal and INR) and non-high risk areas, one soon

realizes that the major requirement for technical assistance will be in the area

of all-effects shelterg. It is estimated that approximately 75 percent of new

structures constructed each year are located in high risk areas. As a result,

most of the technical guidance provided by the staff of t0e proposed Shelter

Advisory Centerswould be related to all-effects shelters as opposed to fallout

procection. Unfortunately, the distribution of qualified instructors does

not match this need.

There are about 450 faculty members currently included in the FEMA roster

as having qualified to teach fallout shelter design and analysis courses. Of

these, about 75 have participated in sce aspect of the protective construction

program and a,'-e familiar with design and analysis of all-effects shelters. 4

Additional efforts vould be necessary to develop an improved capability to

handle the guidance require-aents for all-effects Phelter in order to provide

nationwide coverage.

-o1
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5.4 Shelter Analyst Training

Since 1962, nearly 20,000 architects and engineers have been trained as
fallout shelter analysts by FEMA and its predecessor agencies. Most were

"V., trained prior to 1970, when shelter analysts were utilized to conduct fallout
shelter surveyd of existing buildings. Since then, there has been a marked

decline in the need for shelter analysts accompanied by an erosion in capa-
"bility. Because of deaths, retirements, and the lack of new courses conducted,
the number of active shelter analysts in 1985 has been reduced to about 10,000.

Of these, perhaps 10 percent have participated in the FEMA sponsored Protec-
tive Construction Course and are k-aowledgeable in direct weapons effects
including blast protection. 4

For a Shelter Incentive Program to be viable, the program management
system must develop a technical resource capability not only to design the

needed shelter (be it fallout or all-effects), but also to certify that the
desired shelter type, quantity of spaces, and protection level (i.e., designated

-' Protection Factor or blast overpressure) was included in the flinal design.

Some form of certification will be required to implement any of the shelter
incentive program options under consideration. Shelter analysts can be used

for both functions; shelter design and certification. However, it is likely
that new training programs would have to be introduced to increase the number
of shelter analysts with emphasis on blast shelter desiga and analysis, since

that is where projected need is greatest and where existing resources are most

limited.

"To implement a training program would necessitate that training materials
be updated to reflect current knowledge and capabilities. For example, pro-

cedures to calculate INR attenuation through concrete slabs and shelter openings
are relatively new and not adequately covered in current texts and course

materials. Designers of all-effects shelters would need to become familiar
with such procedures and methodologies.

"Training progrm usually begin by first establishing a cadre of instruc-"4.
"tors and then training the. instructors so they can train shelter analysts.
"Train-the-trainer" programs are currently in vogue and would be quite appli-
cable to the Shelter Incentive Program. A trained cadre of instructors already
exists and could form the nucleus for any subsequent training.

I;
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Following the initial "train-the-trainers" courses, arrangements would

need to be made for the "trainers" to conduct a series of protective construc-

tion courses (redesigned to reflect current techniques, methodologies, and

procedures including the Shelter Incentive Program) which would help to alleviate

the anticipated shortage of shelter analysts to handle all-effects shelter.

These shelter analysts will be needed by design firms for shelter analysis

work as well as shelter certification. It is anticipated that FEMA would

accept certification only from shelter analysts who had demonstrated knowledge

and technical expertise by successfully completing FEMA-sponsored courses.

Each shelter analyst would be assigned a serial number for use in certification

procedures.

Courses for shelter analysts could be conducted nationwide either as

intense 2-week sessions or on a semester basis (i.e., one night a week for

15 weeks). The location of the courses should be at suitable colleges or

universities nominated by the instructors or at cities where large numbers of

engineers are located. Priority should be given to universities that will

become the sites for Shelter Advisory Centers. See Figure 5.1 for the names

of universities that were formerly in the program 15 years ago.

5.5 Typical Administrative Procedures

The flow chart in Figure 5.2 illustrates the relationship of an adminis-

trative process (for managing the Shelter Incentive Program) to the design and

construction of a typical privately-owned project. The flow chart is divided

into two parts. The upper part of the flow chart depicts the key events

associated with the design and construction of a building or other facility.

The lower part outlines the key events in the Shelter Incentive Program adminis-

trative process that parallel and interact with the design and construction

events. Both kinds of events are keyed to a common numbering system to indicate

their relationship. A time line extending over a period of two years shows the

expected chronological order. A discussion of the 17 events shown in Figure

5.2 keyed to the event number follows:

(1) Owner Selects Architect. This event begins the process as indicated

by zero time on the flow chart.
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(2) Architect Begins Design Development. Given the charge to design

a building for a major use function and a specific site, the architect usually

programs the project, assigns professional staff to the project, and begins

to prepare schematic designs, fitting the proposed building to the site in

the most advantageous way. It is at this early stage that the architect should

consider the shelter protective requirements appropripte to the location of

the project if he or she is to incorporate shelter at least cost to the owner.

It is important for both the architect and the building owner to be aware

of the details of the Shelter Incentive Program (voluntary or mandatory require-

nents depending on the program option finally selected), and for the design

team to have a shelter analyst on their staff or available to them on a con-

sulting basis that is knowledgeable on the kind of shelter needed at the project

location.

(3) Project Identified and Owner Informed. This is the first event in

the SIP administrative process and it should occur within the first month

after the owner selects an architect. The activf.ty is intended to assure that

all owners and architects of new projects are aware of the incentives offered

and sets in motion other activities of the administrative process such as .-

payment procedures and provision of technical guidance and assistance to the

design team. Briefly, the FEPA Program Office would subscribe to the Dodge

Reports or Dodge Major Projects which identify new projects at an early design

stage and provide the names and addresses of owners and architects. The approx-

image size, valuation, and location of the project are usually provided as

well. Within a month to six weeks after the owner selects the architect,

the FEMA Program Office would mail out an information packet on the SIP to

the owner and architect. The information packet would cite the authority

that est ilished the Shelter Incentive Program and would contain the regula- %

tions that are in effect to carry out the program. If the zip code of the .- "

proposed construction is known, the owner/architect can be advised whether

or not the building will be located in a risk area and provided appropriate

guidance on slanting for all-effects shelter or fallout shelter. (Defining

risk areas in terms of zip codes should facilitate emrgency response planning

and dispensing of guidance on the type of shelter needed for the project location.)

(4) Owner Executes Response Form. As part of the information packet in

Step 3 above, the owner should be provided a response form to be filled in and
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* returned to the State Emergency Preparedness Office. (The volume of returns,

estimated to range from 200-800 each working day, is too large tc be handled

at only one central collection point.) The response form should verify the

location, valuation, size, and use class of the proposed project. Depending

on the program option selected, the response form could serve other purposes

as well. For example, for a mandatory shelter program, the response form

could permit a determination as to whether the project meets the applicable

provisions of a mandatory shelter law. It also could serve as a request for

technical assistance, or a request for waiver to the provisions of the shelter

law, or a notice of intent to request a subsidy payment authorized by the

Shelter Incentive Program.

(5) Waiver Issued or Advisory Center Assigned. The data surelied by

the owner (or architect) would be used at the State Emergency Preparedness

Office to establish the status of the project depending on the option selected.
w

For example, for a mandatory shelter law that established a project dollar

valuation is a threshold for the mandatory shelter requirements (e.g., projects

must cost over $200,000), those projects that prove too small to come under

I the mandatory shelter requirements would be dropped from the system and the

* owner/architect would be sent a letter to this effect. Similarly, those that

* request a waiver from the provisions of the mandatory shelter requirements

* would be given a provisional ruling, which might be appealed to the FEMA Program

Office if adverse. Prujects with approved waivers could be logged into a

computerized data base for review by the FEMA Program Office. Local author-

ities might be consulted in arriving at a waiver decision but the ruling must
be provided promptly so that the design process can proceed. Those projects

that do not qualify for a waiver also would be logged into the SIP data base

and assigned to the nearest Shelter Advisory Center by the apprnpriate State

Emergency Preparedness Office.

If a voluntary program option is selected, the response form ,ould

indicate whether the owner/architect desires technical assistance to incorporate

shelter and the appropriate Shelter Advisory Center would be notified of such

a request. Generally, there would be one Shelter Advisory Center in each

State with staff available to assist architects during the design process,

train architectural staff members, and disseminate information on innovations,
improved design procedures, and the like. Data on projects that accept the shelter

4.
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incentive (voluntary program option) or those requiring a shelter subsidy

(mandatory shelter option) would be used by FEMA to plan budget requests for

Center"(6) Shelter Advisory Center Assists Architect. The Shelter Advisory

Center staff would establish contact with the architect at the earliest possible

design stage to assure that the architect had qualified personnel available and

to offer any specialized assistance that night be needed where peculiar design

problems are encountered. The professionals at the center often might visit

the designers of larger projects during the design phase, which can take 10

months to a year to ccmplete. Special attention should be paid to subsidized

%; projects or projects that receive direct payment as an incentive since maxi-

4 'mizing the shelter return is the prim, objective. However, the Shelter Advi-

sory Ceater should provide onl-r advice, not actual design work.

(7) Local CD Informed of Project. The State Emergency Preparedness

"* •Office would be responsible for informing local jurisdictions of the existence

of projects that are in the design phase and that will contain substantial

mounts of public shelter. This information is needed so that the local emer-

gency preparedness staff can begin to consider revisions in the jurisdiction's

emergency response plan (i.e., concerning shelter use, staffing, and requisi-

".* tioning of shelter suppiies).

(8) Design Completed. The design phase is considered complete when

detailed drawings, bills of materials, and specifications are sufficient to

obtain the necessary building permits (or equivalent) and to solicit construc-

t",.. tion bids. For most projects, this point is reached about 10 months to one

g year after the owner selects an architect.

• •, (9) Certification of Shelter Space. To all intents and purposes, prac-

* tical compliance with the provisions of the Shelter Incentive Program is depend-

ant on the design of the structure. In order to obtain the benefits available

under a voluntary Shelter Incentive Program or be responsive to the requirements

of a mandatory program, the owner of the project would be required to certify

that the design of the structure complied with the shelter standards, implertnting

regulations or mandatory shelter law as applicable. Such certification should

be submitted within a designated time period before or after construction

has begun (ii a voluntary Shelter Incentive Program) so that the procedures for

, 7I I I I I I I1
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dispensing the "incentive" could be set in motion. For a mandatory shelter

program, the owner certification should be submitted prior to inviting bids

for the construction of the project and should be a condition for the granting

of the building permit. In either case, the owner certification should be

accompanied by a shelter analysis certification that includes a schematic

drawing of each floor containing shelter space with the shelter areas clearly

defined and a tabulation of the net available shelter area. This certifica-

tion as to the type and level of protection, and number of shelter spaces

provided in the design should be signed by a shelter analyst having a serial

number assigned by FEMA.

(10) Building Permit Granted. In most localities, a building permit

is required before construction can start on privately owned construction.
The permit is based on inspection of plans and specifications to assure that

codes, zoning restrictions, and other regulations to protect the public safety

have been adhered to. For a mandatory Shelter Incentive Program, this step

* in the design and construction sequence provides a means for assuring program

compliance. States can direct local jurisdictions to require the certifica-

tion deszribed above as a prerequisite to the issuance of the building pcrmit.

(11) Construction Begins. Ar the time that the construction contract

is awarded, the foregoing administrative process has assured that shelter has , -

been considered in the design of those structures that are most likely to
incorporate shelter protection. For a mandatory type program, the process

10assures that the project, if constructed in accordance to the plans and speci-

fications, will contain the amount and kind of shelter space required.

(12) Subsidized Owner Receives Partial Payment. Because of the large

expenditures of funds, and the relatively long time for the design and con-

struction of a typical project, cash flow is a major concern for the building

owner. To make a Shelter Incentive Program that provides a financial incen-

tive to the building owner attractive, it is desirable that a procedure be

devised which can provide financial relief to the building owner (i.e., compen-

sation for the additional costs involved in providing the shelter protection)

as soon as possible in the design and construction sequence, while at the

same time assuring the Government that the structure being built does indeed
have the protection being paid for. Advance payment could be made available to

!.
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those building owners who desire it at the beginning of the construction phase,

or earlier if the design could be certified.

Advance payments might also be applicable under mandatory shelter
* programs because certain categories of building owners (e.g., local governments

and qualifying non-profit institutions that construct schools, clinics and

hospitals) may qualify for a Federal government subsidy to help pay for the

"increased building costs attributed to incorporating shelter. Owners of appli-

cable projects that qualify for subsidy payments could apply for an advance

*. payment at or before the beginning of the construction phase by submitting

to FEMA the shelter certification (from the qualified Shelter Analyst) documenting

the net available shelter area and the designed protective features. The

payment would be made shortly thereafter and would be subject to recovery

by the Government if the building were not completed or failed to pass final
i inspection. •

(13) Local CD Begins Shelter Use Plan. Having received a copy of the

certification, including plans of the shelter area then under construction,

the local CD office (i.e., the local government agency responsible for emer-

gency preparedness, response,and recovery) would be in a position to begin

adapting the local shelter use plan to incorporate the new shelter space and
to begin planning for marking, stocking, and managing the new shelter resource.

((14) Construction Comoleted. The construction phase for major projects

may taka a year or more. During the construction period, inspections are

made by local building inspectors as well as by the architect. Quality and

completeness of construction is controlled by these inspections.

(15) Certificate of Occupancy Issued. Upon completion of the project,

a Certificate of Occupancy is issued by the local government authorizing the

owner to occupy the structure.

(16) Final Payment Made. For a voluntary Shelter Incentive Program

that includes a direct payment to the building owner or for projects that
qualify for subsidy payments should a mandatory shelter option be selected,
the final payment could be made by FEMA to the owner based on the issuance

of a Certificate of Occupancy.

(70) Shelter In Use Plan. By the time the building is ready for occupancy,

the local CD office should have executed a license for emergency use with the
4..
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building owners, incorporated the new shelter space in shelter use plans,

obtained shelter supplies, and participated in a test of the shelter emergency

power and ventilation. At this point, the design and construction process

is complete.

5.6 Management Systems

One objective of a management system is to install the administrative

apparatus needed to manage a shelter incentive program. This apparatus would

be run primarily by FEMA Headquarters staff and would likely involve FEMA

Regional staff and staff in the State Emergency Preparedness Offices, depending

on the incentive option. For example, In a mandatory type of program, FEMA

must deal with the problems and procedures concerning the issuance of waivers

(i.e., exemptions from requirements of mandatory shelter regulations) that

would not be encountered with voluntary incentive programs. Likewise, even

under voluntary incentive programs, procedures and to some extent 9taffing,

may be quite different for a program involving a direct payment to reimburse

the building owner as opposed to a program providing a tax inc2ntive to tic

owner.

As noted earlier, there are three basic functions that must be performed

by a management system irrespective of the option. These are (1) identifica-

tion of new design projects; (2) providing technical assistance and guidance

to facilitate the incorporation of shelter protection; and (3) developing

and maintaining a cadre of shelter analysts that can not only design the pro-
tective features, but also certify that the shelter was included in the design.

In implementing these basic functions, the FEMA program office would have

the option of contracting out specific procedures or doing them with in-house

* staff. For example, the process to identify new design projects and contact-

*i ing the owners and architects of such projects urging them to consider shelter

or advising them on mandatory shelter requirements could be accomplished with

inr-hcuse FEMA staff. Letters and information packets could be readily dis-

patched by this staff. However, the procedure could also be contracted out.

The F. W. Dodge Co. or some other organization could, under contract, provide

.• these services if FEMA had staff ceiling problems that precluded a staff

increase. Generally, "contracting out" is more costly than accomplishing

the same task with in-house staff.



5-15

5.7 Administrative Program Costs.

The costs for managing a shelter incentive program can be broken down

into the following categories:

(1) .oJect Identification. As noted earlier, the identification of

new design projects and mail contact with the project owner and architect
q is an essential ingredient to any Shelter Incentive Program. Procurement

of Dodge Reports is estimated to cost $90,000 annually and since the F. W.
Dodge Company does not service Hawaii, another reporting source estimated to

cost $10,000 would be required to achieve 50 State coverage. Staffing at
FEMA Headquarters would require two professionals and eight clerical personnel

to sort the reports, and mail the SIP information packets to the owners and
architects. Annual personnel costs (including benefits) are estimated at

$240,000. Costs for postage, envelopes, letters and printed information

packets are estimated at $170,000. Total costs for personnei, materials,

contracts, etc., for the Project Identifiration function are estimated at

"$510,000 annually. If FEMA contracted Project Identification to F. W. Dodge

or another organization, personnel costs would decrease, but contract costs

would increase and it is likely that the $510,000 overall estimate would be

exceeded.

(2) Shelter Advisory Centers. Shelter Advisory Centers would provide

technical assistance to design teams and would facilitatc the incorporation

of shelter into building lesigns. A center would oe established at one univei-
sity in each of the 50 States under a contract that averages $60,000 per year.

FEMA Headquarters staffing would consist of two professionals and one clerical
position to guide the effort and monitor progress (estimated cost of $113,000).

It is also anticipated that there would be a three-day training program for

the heads of each Shelter Advisory Center to acquaint them with their role
. in the Shelter Incentive Program at an estimated cost of $65,000. Total cost

* for personnel, materials, contracts, etc., for the Shelter Advisory Center

function is estimated at $3,178,000 annually.

(3) Cadre Training. Current shelter analysts are familiar with fallout

protection techniques but there is a relative shortage of analysts having

knowledge of all-effects shelters and direct nuclear weapons effects that
needs to be rectified in order to effectively implement a Shelter Incentive

Program. Shelter Analysts would be required not only to design the shelters
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in new facilities, but also to certify that shelter was included in a specific

design. It is anticipated that in the first year of operation, approximately

200 courses would need to be conducted, most being on protective construction

rather than fallout shelter analysis. The courses could be taught by an exist-

ing cadre of qualified instructors (for approximately $4,000 each) either

on a semester basis (i.e., one night a week for 15 weeks) or as an intensive

2-week session. Curriculum development and publication of course materials

would be accomplished by FEMA under contract and is expected to cost approxi-

mately $200,000. Staffing at FEMA Headquarters would require two professionals

and one clerical to guide and monitor this function at an estimated cost of

$113,000. In addition, it would be necessary to have a special 3-day train-

ing program for course directors (estimated at $65,000) and a 2-day updating

workshop in about 150 different cities for shelter analysts wishing to par-

ticipate in the program (estimated cost $300,000). Total annual costs for

personnel, materials, co;:tracts, etc., for the shelter analyst cadre training

function are estimated at $1,478,000.

(4) FEMA Regional Program Support. Involvement of FEMA Regional staff

would depend primarily on the shelter incentive option. For voluntary options,

such as a tax benefit or direct payment to a building owner., it is anticipated

that FEMA Regional staff involvement would be primarily directed to the Shelter

Advisory Centers and cadre training programs. For a mandatory shelter program,

it is anticipated that they •uld also become involved in processing owner

response forms and managing operations in each of their States. It is estimated

that one professional and one clerical position in each of 10 FEMA Regions

would be required (under any option) at an estimated cost of $648,000 annually.

(5) State CD Program Support. Involvement of personnel at the State

Emergency Preparedness Office also would depend on the shelter incentive program.

Under a mandatory shelter option, State personnel would become more involved

in contacts with owners and in processing response forms and requests for

waivers. They also would work with local jurisdictions to asmse that building

permits are not issued unless a shelter certification or waiver had been

approved. Under voluntary incentive options, their tasks would be reduced

to monitoring the certification process and assigning projects to the Shelter

Advisory Centers. It is anticipated that the following personnel requirements

would be needed at each of the State Emergency Preparedness Offices:
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(a) Voluntary Options: 1 professional and 1/2 clerical per State.'

(b) Vandatory Option: 5 professional and 1 clerical per State.

Personnel costs including salaries, travel and per diem would be on the order

of $1,975,000 for all States under a voluntary shelter incentive option and

nearly $8.5 million for a mandatory shelter option. ;"

5.8 SummarZ of Administrative Program Costs.

Table 5.1 provides a sumary of annual costs requir-d to manage a Shelter

Incentive Program. Total costs would range from approximately $7.8 million

for a voluntary incentive program to $14.3 million for a mandatory program.

The difference in costs is attributed to the increased staff required at each

State Emergency Preparedness Office to administer a mandatory shelter program.

N A
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SECTION VI

ALTERNATIVE PROGRAM DESIGNS

6.1 Common Features

In this section, we describe and discuss a structured set of shelter

incentive programs that would, to various degrees, be suitable for imple-

mentation in conjunction with or in anticipation of a decision to deploy

some form of ballistic missile defense. The purpose of the shelter system

produced by a shelter incentive program would be to improve popuilation

survival both from the detonation of missile warheads penetrating the proposed

missile defense system and from the detonation of weapons delivered by other

means (aircraft, cruise missiles, FOBs, etc.). Clearly, the variables discussed

in earlier sections would allow the consideration of a very large niuiber

of alternative programs, each with its own costs, benefits, and feasibility.

To reduce this universe of programs to manageable size and to focus the discus-

sion on the issues defined in the Statement of Work, all of the program options

presented have certain common features that will not be varied. These common

features and the reasons for choosing them are:

(a) Scope. All programs are intended to apply to all 50 States and

the District of Columbia. Data on construction volume apparently does not

cover Hawaii but the omission cannot have a significant impact on the projec-

tions of slantable construction used here. Indeed, one can postulate adding

Puerto Rico and other U.S. possessions without having to modify the results.

(b) Risk Areas. All programs postulate the production of all-effects

(blast) shelters in certain defined "risk areas" and fallout shelter elsewhere.

In support of the regulations and enabling legislation governing any of these

programs, FEMA would need to define the areas within which all-effects shelters

wuld be specified. The areas undoubtedly would be composed of both military

targets and urban concentrations of population and industry. As discussed

in Section I, FEMA TR-82 is of such a nature. Any revision of the current

risk areas is likely to maintain this character. However, in this study

we will use the urbanized areas of the 1980 census as the stand-in for a

more complex definition of risk areas. The main reasons for this choice

are that key construction and population data can be associated with urbanized

areas and that the overwhelming majority of the population considered at risk
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in the current FEMA risk areas are residents of urbanized areas. Thus, there

is a rough correlation between urbanized areas and current or future specified

risk areas. This is not to say that all 1980 urbanized areas are considered

to be necessarily at risk. Some, such as Atlantic City, Ocala, and Harlingen-

San Benito, have little but population as a target value. On the other hands

military targets not associated with urbanized areas are in sparsely settled

locations and do not contribute much to either population or construction

in the risk areas. Therefore, the risk areas used in this study are urbanized

areas containing 61 percent of the population, 56 percent of the buildings built

annually, and 73 percent of the annual construction value, as shown in Table 2.6

(c) Protective Criteria. All-effects shelter in these candidate programs

will provide balanced protection against the direct effects of a 1-megaton

surface burst at 30-psi blast overpressure range. The unit cost of this protec-

tion when included in the aormal building design, based on the limited cost

analysis of Section III, is taken to be $27 per square foot. The blast protection

criterion chosen is the highest for which slanting guidance is available. It

has been chosen because, as shown in Figure 1.2, the proportion of the popula-

tion likely to experience an overpressure greater than 30 psi is small. Further

increases in protection generate diminishing returns. The cost-benefit ratios

for 30-psi and 20-psi shelters for the population distribution in Figure 1.2

are nearly identical but the 30-psi shelter provides substantially higher absolute

life-saving performance. Moreover, as shown in Figure 1.1, a 30-psi shelter

is likely to remain intact at ground zero for an air-burst detonation. The

cost differential for the increased protection is uot large. Program costs

estimated in this section can be reduced by less than 20 percent if 20-psi

shelter is assumed.

Fallout shelter in these candidate programs would provide a protection

factor (PF) of 100 against fallout radiation. We do not believe that the minimum

PF of 40 currently used to rate inherent shelter is adequate for a purposeful

slanting program. Moreover, because of the n*ed to consider the multi-hazard

use of the shelter space generated by an incentive program, the location of

the induced fallout shelter must be in a basement or sub-basement; that is,

inherent space on upper floois of buildings would not qualify for incentive

payment nor would it satisfy -a mandatory requirement. In other words, any multi-

hazard shelter generated by the candidate programs would be located in building
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basements in all cases. The cost of PF 100 fallout shelter, based on the cost

analysis of Section III, is taken to be $5 per square foot or about one-fifth

the cost of all-effects shelter. This cost includes emergency power generator

and the same ventilation and other necessities included in the shelter standards

"of Appendix B.

(d) Shelter Space Allocation

In all cases, a shelter space will be equivalent to 10 square feet of

usable floor area except in hospitals and nursing care facilities where 50

'Iuare feet will be allocated to one patient plus one attendant (25 square

feet per person). For practical purposes, unit costs multiplied by 10 will

represent the cost per person sheltered.

6.2 Definitions

To minimize ambiguity in the description of alternative shelter incentive

programs, the following definitions have been adopted. These definitions are

believed to be consistent with the data that will b. used to evaluate and assess

these programs.

(a) luilding Project

A project is a new building, addition, or modification or a group

of buildings built contemporaneously by or for a specific developer under common

financing arrangements. This definition is intended to cover residential
developments and mixed-use developments as single projects.

(b) Project Cost

The cost of a building project is the total cost less the cost of

land, architectural fees, equipment, and offsite improvement.

Wc) Shelter Cost

SThe cost of incorporating space meering the shelter standards of

Appendix B into a building project by modification (slanting) of the building
design is determined by comparison of the estimated project cost with and without

the shelter features. This cost may be expressed as a unit cost (cost per

square foot of shelter space), as a cost per shelter space, assuming 10 square

feet of net floor area per person, or as a percent or fraction of project cost,

assuming a stated amount of shelter space.



(d) Public Shelter

Shelter areas of buildings to which members of the general public

have access when shelter protection is needed.

(e) GNP Cost

The estimated total dollar cost of a shelter incentive program,

assuming a stated yield in all-effects and fallout shelter spaces, including

the increased construction costs, incentive premiums paid, if any, and manage-

ment and administrative expenses.

(f) Budget Cost

The estimated total dollar cost of a shelter inzentive program

to the Federal government, assuming a stated yield in all-effects and fallout

shelter spaces, including appropriated funds expended and tax revenues forgone,

as appropriate. -

(g) Certification N

A written statement by a qualified person of the number and location

of shelter spaces designed or built to meet at least the minimum standards.

6.3 Alternative Programs

In the remainder of this section, eleven alternative shelter incentive

programs are presented, using a common format. A finder list of programs

identified by short title will be found in Table 6.1. Thereafter, each

program design is identified by program number and short title, followed

by summary information on purpose, owner participation, project categories

included, incentive structure, minimum project size, minimum shelter capacity,

shelter cost ceiling, other limitations, estimated annual shelter yield,

estimated annual GNP cost, estimated annual budget cost, and any special

features of the program design. Finally, each program design contains a

discussion of the implications of the design features, an explanation of

the basis for the estimates, and a summary of perceived advantages and

disadvantages.

~. 1



6-5

TABLE 6.1

S FINDER LIST OF PROGRAM DESIGNS

SDesign No. Short Title Page

"I Mandatory Shelter in Federal Buildings 6-6

* 2 Mandatory Shelter in All Buildings 6-10

3 Mandatory Shelter Excluding Small Residential 6-13

4 Mandatory Shelter With Subsidy 6-15

"" 5 Mandatory Shelter With Nonprofit Subsidy 6-18

6 Public Housing Program Qualification 6-21

* 7 Flat Incentive Payment 6-24

8 Grant Plus Loan Subsidy 6-27

9 Loan and Loan Subsidy 6-30
S10 Public Sector Grant (HR 8200) 6-32

. 11 Public Sector Grant Plus Tax Credit 6-34

'5'

'4

/
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PROGRAM DESIGN NO. I

MANDATORY SHELTER IN FEDERAL BUILDINGS

Purpose: To exhibit Federal leadership, train the A&E profession, and gain

cost and technical experience.

Owner Participation: Federal agencies and private developers intending to

lease buildings to Federal agencies.

Projects Included: All new buildings and alterations and modifications to

existing buildings.

Incentive Structure: Mindatory, subject to minimum project size, shelter cost

ceiling, and other bases for exemption. Interagency transfer of incremental

shelter cost. Technical assistance provided.

Minimum Project Size: 5,000 square feet of floor area unless the building

is a residence. Residences are exempted if they contain less than 5 dwelling

units and are part of a project containing less than 20 dwelling units.

Minimum Shelter Capacity: 50 persons or project occupancy, whichever is larger.

bnelter Cost Ceiling: 7 percent of project cost for minimum capacity.

Othsr Limitations: Exemptions if additional shelter noc needed or public
shelter operationally impractical.

Estimated Annual Shelter Yield (spaces): 575.000 all-effects; 100,000 fallout.

Estimated Annual GNP Cost: $166 million.

Estimated Annual Budget Cost: $151 million.

Special Features:

-.9* (1) Require accurate incremental shelter cost data.
(2) No State participation in management.

Discussion:

This program is limited to new constructlin by Federal agencies and by

private developers building facilities intended for long-term lease to Federal

agencies. As such, the program does not jenerate much new shelter as ccmpared
with the need but it is nevertheless an extremely important program because

it demonstrates that the Government is werious about the teed for the inclusion

Li
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of multi-hazard shelter in new construction. It is unlikely that the States

would mandate ahelter in their construction programs unless the Federal

Government does so. On the other hand, the Federal Buildings Program could

generate considerable additional shelter-building at the State and local

levels of government and possibly by some organizations in the private

sector. Such reactions were seen 20 years ago while H. R. 8200 was being

considered. This program is similar to the proposed Section 206 in that

bill.

Thousands of architects and engineers are engaged in the design of

new buildings for the Federal Agencies. If this were the only program adopted

initially, it would be a good vehicle for increasing the knowledge and expertise

in the A&E profession and initiating the search for innovative cost-cutting

approaches to the slanting of new construction. Moreover, a year's operation

of this program could generate a wealth of cost data to augment the limited

case studies now available. A mandatory program is the only way to include

Federal buildings in a larger shelter incentive program, such as the one

proposed in H. R. 8200. Therefore, it should be continued to exhibit Federal

leadership even when professional training and cost experience are no longer

critical needs.

In this program, we propose that funds sufficient to cover the antici-

pated shelter costs be requested and appropriated to FEMA, who would then

transfer the funds as needed to the Federal agencies, mainly DoD aud GSA.

This would obviate the need for individual congressional committees to author-

ize and appropriate funds for the inclusion of shelter in individual projects.

Thi ninimum project size is taken as 5,000 square feet of floor area

rather than a cost figure because unit costs are likely to vary with the

kind of building and its location as well as with inflation. The minimum

size chosen is designed to exempt buildings or alterations so small that

a 50-person shelter (500 sq. ft.) would be uneconcmic, 50 persons being

the minimum capacity allowable. Residences, such as military housing, art

Sexempted if they contain less than 5 dwelling units and are not part of

a residential construction project containing 20 or more units. In the

latter case, a shelter for 50 persons or the number of prospective occupants

must be provided, probably in the basement of one or more of the proposed

buildings.

' i'
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Projects also are exempted if the incremental shelter cost, as audited

by FEMA, exceeds 7 percent of project cost. As can be seen in Table 3.6,

this is most unlikely to occur where fallout shelter is the requirement.

However, in risk areas costs exceeding 7 percent could occur in some low-cost

commercial-type construction, such as small warehouses, as indicated in

Table 3.5. The only other bases for exemption are that more than enough

shelter already exists in the vicinity of the building site or that incorpora-

tion of public shelter would interfere with the essential operations in

the facility during a nuclear or peacetime emergency.

The estimated shelter yield from this program was determined in the

following way: The potential shelter yields for the several building cate-

"gories in Tables 2.7 and 2.8 were reduced by factors obtained from Table

2.11 to account for the exemption of buildings having a floor area less

than 5,000 square feet. For example, Table 2.7 projects a total of 1.37

million shelter spaces for office buildings. The average floor area for

this building category is 10,270 square feet, as determined by dividing

the total floor area in the category by the number of projects. The minimum

size, 5,000 sq. ft., is .49 of this average. In Table 2.11, it is observed

that buildings having less than this fraction of the average account for

9 percent of the valuation and, hence, floor area and shelter spaces. There

remain 91 percent of the shelter spaces or 1.25 million. Continuing this

calculation yields an overall potential of 9.45 million all-effects shelter

spaces and 1.81 million fallout shelter spaces. If we assume that Federal

construction is typical of all construction, then Table 2.12 suggests that

seven percent of the annual spaces will be in Federal buildings except for

one-family developments. Deleting this contribution to annual spaces, we

find that 7 percent of the remainder is 588,700 all-effects shelter spaces

and 102,900 fallout shelter spaces. However, some small number of Federal

construction projects, mainly defense facilities, are likely to be exempted

because of excessive cost or operational impracticality. Hence, these figures

have been reduced by about 3 percent and rounded to those shown.
4,.,

The annual GNP cost has been calculated by multiplying all-effects

spaces by $270 ($27 per sq. ft.) and fallout spaces by $50 ($5 per sq. ft.)

to yield a cost of f160.25 million. To this amount has been added $5.75

million in management and administration costs, based on the estimates in

9:
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Section V. No State participation is proposed in this program.

The annual budget cost differs from the GNP cost because it is assumed

that 10 percent of the spaces are in buildings built by private developers and

leased to the Federal government. These costs are recovered by higher lease

payments over a ten-year period.

In summary, the advantages and disadvantages of this program are:

(a) Advantages

1. Demonstrates Federal resolve and leadership.

2. Provides convenient startup mode for management and technical

assistance programs.

3. Will impact a substantial part of the A&E profession.

4. Will test shelter regulations and technical assistance procedures.

5. Should provide good cost data for blast slanting program.

6. May yield technical improvements to lower costs later.

7. May encourage State shelter laws.

(b) Disadvantages

1. Provides only a minor improvement in shelter posture.

2. Is credible only as first step in a full-scale program.

3. Is vulnerable to federal budgetary and appropriations cutbacks.

4. Does not gainL experience with important construction classes;

e.g., single-family houses.

ýI.

t!.
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PROGRAM DESIGN NO. 2

MANDATORY SHELT IN ALL BUILDINGS

Purpose: To radically improve the protection available to the population over

a decade or two by mandating the inclusion of multi-hazard shelters in virtually

all new buildings.

Owner Participation: All

Projects Included: All new buildings and alterations and modifications to

existing buildings.

Incentive Structure: Mandatory, subject to minimum project size, shelter cost

ceiling, and other bases for exemption. No Federal subsidy. Technical assý.st-

ance provided.

Minimum Project Size: 5,000 square feet of floor area unless the building is

a residence. Residences are exempted if they contain less than 5 dwelling units

9 and are part of a project containing less chan 20 dwelling units.

Minimum Shelter Capacity: 50 persons, 10 percent of floor area, or project

occupancy, whichever is larger.

Shelter Cost Ceiling: 7 percent of project cost for minimum capacity.

Other Limitations: Exemption may be granted if additional shelter not needed,

public shelter operationally impractical, or building houses hazardous mater-

ials or processes.

Estimated Annual Shelter Yield (Spaces): 7,570,000 all-effects; 1,760,000

fallout.

Estimated Annual GNP Cost: $2.15 billion

Estimated Annual Bud-et Cost: $160 million

V! Special Features:

"(1) Federal buildings used to monitor shelter cos t s.

(2) Voluntary home shelter program encouraged.

Discussion:

This program is an extension of Program 1 to all new construction.

The Federal government would pay the costs of administering the program and

the costs of incorporating shelter in Federal buildings but no Federal subsidy

would be provided to others. The full range of technical assistance discussed

"T



in Section V would be provided. In general, the bases for exemptions from the

legal requirement are the same as in Program 1. In summary, projects of

less than 5,000 square feet in floor area and small residences would be exempted

because the minimum requirement for 500 square feet of shelter area (50 spaces)

would be unduly burdensome. Similarly, the limitation to 7 percent of building

cost impacts mainly on all-effects shelter in commercial stiuctures and possibly

some smaller apartment buildings (see Table 3.5).

The assumed occupancy for commercial buildings used in this analysis

(60 square feet per person) applies only to sollirg areas. If the facility

is not used for retail trade, the 10 percent of floor space criterion would

likely prevail. Under this criterion, the 7-percent limitation is likely

to be exceeded only for the smaller establishments. Nonetheless, we judge

that about 75 percent of the shelter potential in the com.ercial category

would be exempted. This is reflected in the annual shelter yield estimate.

In estimating annual shelter yield, the procedure described in the discussion

of Program I was followed except that 75 percent of commercial spaces were

deleted from the all-effects tally rather than merely 24 percent resulting

from the exemption of buildings of less than 5,000 square feet. One-family

residential developments are, however, included in this program.

The GNP cost is obtained by multiplying the 7,570,000 all-effects spaces

by $270 and the 1,760,000 fallout spaces by $50. To these costs are added

$14.26 million in administrative costs. The annual Federal budget cost includes •.4

only these administrative costs and the cost of incorporating shelter in

Federal buildings. The main cost is reflected in the economy and, on the

average, amounts to a 2.3 percent increase in construction costs.

An assumption underlying these estimates is that no owner will incor-

porate more shelter space than required by law. As a consequence, the annual

yield would forecast at least 20 years before a substantially complete shelter

posture would be achieved. As noted in Section II, regional variations in

new construction rates alone make it unlikely that a complete shelter system

can be developed by means of slanting new construction.

In summary, the advantages and disadvantagea of this program are:

(a) Advantage,

1. Assures inclusion of shelter in most new construction.
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2. Minimizes Federal budget cost and hence is less vulnerable to

appropriations cutbacks.

3. Should yield technical improvements to lover c-stx since owners

must absorb all costs and will try to minimize them.

4. Increases construction costs less than 3 percent on the average.

(b) Disadvantases

1. Owners will incorporate the Linimum shelter capacity required

regardless of shelter need.

2. Enforcement will be costly and require State and local cooperation.

3. Legality of mandate similar to clean air, clean water will be

tested in court.

4. Still takes 20 years to achieve good shelter posture.
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PROGRAM DESIGN NO. 3

MANDATORY SHELTER EXCLUDING SMALL RESIDENTIAL

Purpose: To improve tht protection afforded the population by mandating

the incorporation of multi-hazard shelter in all new construction except small

residences.

Owner Participatior: All .,

Projects Included: All new buildings and alterations and modifications to

existing buildings except residential structures containing less than 5

dwelling units.

Incentive Structure: Mandatory, subject to minimum project size, shelter

cost ceiling, and other bases for exemption. No Federal subsidy. Technical

assistance provided.

Minimum Project Size: 5,000 square feet of floor area.

Minimum Shelter Capacity: 50 persons, 10 percent of floor area, or project

occupancy, whichever is larger.

Shelter Cost Ceiling: 7 percent of project cost for minimum capacity.

Other Limitations: Exemptions are available if additional shelter not needed,

public shelter operationally impractical, or building houses hazardous materigls

or processes.

Estimated Annual Shelter Yield (Spaces)ý 6.530,000 all-effects; 1,420,000

fallout.

Estimated Annual GN? Cost: $1.85 billion

Estimated Annual Budget Cost: $160 million

Special Features:

(1) Federal buildings used to monitor shelter costs.

(2) Voluntary home shelter program included.

Discussion:

This program differs from Program 2 only in that single-family homes,

duplexes, triplexes, and fourplexes are excluded from the mandatory shelter

requirement partly because it is difficult and expensive to incorporate multi-

hazard shelter in these small residences and partly on the privacy principle:
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"A man's home is his castle." Thus, all new shelter will be found in non-

residential buildings, a-ltifamily housing, and nenhousekeepilng residential

structures. To compensate souevhat for the exclusion of small residences,

a program encouraging homeowners to acquire home shelters and home buyers

to demand shelter in new residences is included.

A comparison of the estimated shelter yield for this program with that

of Progras 2 will show that an estimated 1.040.000 all-effects spaces and

340,000 fallout spaces attributable to one-family residential developments

have been deleted and the GNP cost reduced accordingly. The annual Federal

budget cost is not affected. No credit is given in these estimates for shelter

induced voluntarily by the home shelter assistance effort. It might well

be substantial, especially where only fallout protection is raquired. As

with Program 2, this program would require about two decades to achieve a

good multi-hazard shelter capability.

In su mry. the advantages and disadvantages of this program are essentially

the same as in Program 2.
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PROGRAM DESIGN NO. 4

MANDATORY SHELTER WITH SUBSIDY

Purpose: To radically improve the protection provided the population uy

requiring the slanting of most new buildings and providing a cost-sharing subsidy. 2

Owner Participation: All

Projects Included: All new buildings and alterations and modifications to

existing buildings.

Incentive Structure: Mandatory, subject to several bases for exemption. Federal

Government provides grants to State and local government and loan subsidiLs

to private 6ector to defray half the shelter cost.

Minimum Project Size: 5,000 square feet of floor area unless the building is

a residence. Residences are exempted if they contain less than 5 dwelling

units and are part of a project containing less than 20 dwelling units.

Minimum Shelter Capacity: 50 persons, 10 percent of floor area, or project

occupancy, whichever is larger.

Shelter Cost Ceiling: None

Other Limitations: Exemption may be granted if additional shelter not needed,

pi'blic shelter operationally impractical, or building houses hazardous materials

or processes.

Estimated Annual Shelter Yield (Spaces): 9,170,000 all-effects; 1,760,000

fallout.

Estimated Annual GNP Cost: $2.58 billion

Estimated Annual Budget Cost: $1.3 billion

Special Features:

(1) Federal buildings used to monitor shelter costs.

(2) Voluntary home shelter program included.

Discussion:

The intent of this program is to make a mandatory shelter program more

palatable to State and local governments and the private sector by sharing

the cost of incorporating shelter in new construction. For illustrative purposes,

1% ,!
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the cost-sharing formula is 50 percent, which has been traditional in U.S.

civil defense programs. It could be some other formula, such as the 90-10

formula used in Federally supported highway construction.

The basic approach of cost sharing is that costs will be minimized because

the owner has to share part of tha costs. There is no need to put a ceiling

on the shelter cost because of this fact. On the other hand, the shelter yield

is limited because the cost-sharing owner is unlikely to incorporate more shelter

than is requited by law.

With 50-50 cost 3haring, the incremental cost to the owner for fallout

shelter will be very low. Some public sector agencies, such as school boards,

may convert large fractions of new school floor space to shelter in these

circumstances, as has been done in the past (see Table 1.1, for example). Cost

sharing for all-effects shelter will reduce owner costs for shelter in commer-

cial properties to 5-6 percent of project costs and much less in other building

categories.

In this program, grants are made to State and local governments, their

instrumentalities, and qualifying nonprofit institutions (IRC 501(c)3) on the

basis of approved designs at the start of construction. Equivalent loan sub-

sidies are provided to profit-making entities and non-qualifying nonprofit

organizations. This arrangement parallels that of Program 8 and the discussion

of that program should be consulted.

The estimated annual shelter yield for this program is based on Tables

2.7 and 2.8 except that the potential shelter yield has been modified to account

for the 5,000-sq.-ft. threshold by the method described in Program I and the

result reduced by 3 percent to account for the effect of other bases for exemp-

tion. No additional shelter has been included to account for the possibility

that some projects, such as schools, may contain zore than the minimum shelter

capacity.

The CNP cost was obtained by multiplying the all-effects shelter yield

by $270 and the fallout shelter yield by $50, then adding $14.3 million for

administrative costs. The annual budget cost is half the assumed shelter cost

except for the fully funded Federal buildings plus the administrative costs.
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In sumary, the advantages and disadvantages of this program are:

Eu I(a) Advantages

1. Assures inclusion of shelter in most new construction by mandate.

.-- 2. Establishes joint civil defense responsibility by cost-sharing

formula.

3. Should encourage efforts to control cost since owners must

¶u pay half.

4. Increases cost to owners by only about I percent of project

cost for all-effects shelter; much less for fallout shelter.

"5. Legality of cost-sharing mandate established by Civil Defense Act.

(b) Disadvantages

1. Owners will incorporate the minimum shelter capacity required

because of cost except possibly for fallout shelter in schools and other public

facilities.

2. Enforcement will be costly and require State and local cooperation.

3. Grant and loan subsidy administration must be prompt and efficient.
.. 7

4. Program exceeds a billion dollars ia the Federal budget each

year; would be vulnerable to appropriation vagaries.

5. Still takes 20 years to achieve good shelter posture.

4.
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PROGRAM DESIGN NO. 5

MANDATORY SHELTER WITH NONPROFIT SUBSIDY

Purpose: To improve the protection afforded the public by requiring shelter in

in most new buildings and subsidizing the costs to nonprofit entities.

Owner Participation: All in mandatory requirement; State and local governments, -

their instrumentalities, and IRC Section 501(c)3 organizations in subsidy program.

Projects Included: All new buildings and alterations and modifications to

existing buildings.

Incentive Structure: Mandatory, subject to several bases for exemption. Federal

government provides grants to state and local governments and qualifying nonprofit

entities to cover full cost of shelter, subject to cost ceiling.

Minimum Project Size: 5,000 square feet of floor area unless the building

is a residence. Residences are exempted if they contain less than 5 dwelling

unts and are part of a project containing less than 20 dwelling units.

Minimum Shelter Capacity: 50 persons, 10 percent of floor area, or project

occupancy, whichever is larger.

Shelter Cost Ceiling: $270 per space for all-effects shelter; $50 per space

for fallout shelter for subsidy payment.

Other Limitations: Exemptions may be granted if additional shelter not needed,

public shelter operationally impractical, or building houses hazardous materials

or processes.

Estimated Annual Shelter Yield (Spaces): 11,520,000 all-effects; 2,550,000

fallout.

Estimated Annual GNP Cost: $3.0 bilifon

Estimated Annual Budget Cost: $1.33 billion
:-:,

Special Features:

(1) Federal buildings used to monitor shelter costs.

(2) Voluntary home shelter program included.

Discussion:

This program is a mandatory, multi-hazard version of the H.R. 8200 proposal

in concept. Shelter is mandated in all new buildings. subject to limited bases

• ' ' ', , , l i I i I I
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for exemption. However, a subsidy is mstablished that is applicable to State

and local governments, their instrumentalities, and nonprofit organizations

meeting the requirements of Section 501(c) and 170(c) of the Internal Revenue

Code. This .;ubsidy covers the incremental cost of including shelter in buildings

'- constructed for these owners, subject to a cost ceiling of $270 per all-effects

space and $50 per fallout shelter space. Owners that do not qualify for subsidy

must bear the cost of incorporating shelter into their buildings, passing the

increased cost on to their customers.

"-. According to Table 2.12, we can assume that 44 percent of the annual

valuation and, hence, floor area will qualify for the subsidy payment. The

"other 56 percent will be in the private sector. These owners can oe expected

"to encourage innovative design and technology to reduce the costs of complying

with the law. This technology is readily transferred to the public sector

* by the means described in Section V, thus reducing the Federal subsidy cost.

At program startup, we estimate that the average all-effects shelter apace

*• will cost $250; the average fallout space, $45.

The unsubsidized owners can be expected to limit their costs by incorporating

the minimum shelter capacity requized by law. In the subsidized sector, however,

Federal underwriting of full costs should foster the inclusion of more shelter

in schools and other government buildings. Although the increased amount of

shelter induced by the aubsidy is difficult to estimate, we believe that the

amount of shelter included in office-type buildings will double and that fully

40 percent of the floor area in educational buildings will be converted to

shelter. These projections are reflected in the estimated aunual shelter yields.

The GNP cost has been obtained by costing each all-effects space at $250

Sand each fallout space by $45. The management costs of approxi£ately $14 million

are added. The Federal budget cost represents 44 percent of the GNP shelter

cost plus management costs.

"In sumary, !ha advantages and disadvantages of this program are:

(a) Advantages

1. Assures inclusion of shelter in new construction by legal mandate.

2. Has the appearance of fairness by underwriting the cost of shelter

in new schools, hospitals, etc.

3. Will improve the cooperation of States and local governments.



m 6-20

4. Should yield technical improvements to lower costs since private

sector must absoro shelter costs.

5. Produces a good shelter posture in less than 15 years.

(b) Disadvantages

1. Private owners will incorporate only the minimum shelter capacity.

W 2. Enforcement may be costly.

3. Legality of mandate similar to clean air, clean water will be

.. tested in court.

4. Program exceeds a billion dollars in the Federal budget each

year; may be vulnerable to appropriation vagaries.

:.

IbI
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PROGRAM DESIGN NO. 6

"PUBLIC HOUSING PROGRAM QUALIFICATION

Purpose: To obtain additional shelter where needed, and to gain cost and tech-

"nical experience by making shelter slanting a prerequisite to Federal assistance

in housing programs.

Owner Participation: All developers, public and private, desiring to participate
in Federal housing programs.

".4 Projects Included: All new buildings and alterations and modifications to

"existing buildings.

* ; Incentive Structure: Qualification prerequisite, subject to minimum project

size, shelter cost ceiling, and other bases for exemption. Cost of shelter

,' > allowed in project cost basis for assistance. Technical assistance provided.

Minimum Project Size: 5,000 square feet of floor area except that residences

are exempted if they contain less than 5 dwelling units and are in a project

* containing less than 20 dwelling units.

Minimum Shelter Capacity: 50 persons, 10 percent of floor arzýa, or project

occupancy, whichever is larger.

Shelter Cost Ceiling: 7 percent of project cost for minimum capacity.

Other Limitations: Exemptions if additional shelter not needed.

Estimated Annual Shelter Yield (Spaces): 915,000 all-effects; 270,000 fallout.

Estimated Annual GNP Cost: $ 267 million.

Estimated Annual Budget Cost: $11.5 million

W "Special Features:

(1) Mandatory Shelter in Federal Buildings (Program 1) must be combined

* -". with this program.

Discussion:

'* This program requires the incorporation of shelter in all housing pcojects

"receiving Federal finAnclal assistance that are above the minimum project size

-" .and below the shelter cost ceiling. These projects are supported by the Federal
t L government in order to achieve a pablic good (the creation of housing) and

offer developers a profitable return on investment that would not be achievable

I L
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without the Federal support. Thus, it seems equitable to require developers

to provide another public good (incorporation of shelter) in return.

No payment, direct or indirect, specifically related to the cost of incor-

porating shelter will be made. However, the project cost on which Federal

assistance will be based will be allowed to include $270 per space for all-effects

shelter, and $50 per space for fallout shelter for the specified minimum shelter

capacity unless the allowance for shelter exceeds 7 percent of the cost of

the project including the shelter allowance. This allows the developer the

same rate of return on the investment in shelter as on other project costs.

* This inclusion of shelter cost will likely increase the sale or rental price

of the dwelling units and may render some projects uneconomic, especially those

"already at the margin. On the other hand, these effects should be less than

they would be if cost of shelter were not allowed in total project cost.

The Federal hcusing program activity in 19e3 ($17.841 billion, Table

4.1) was 23 percent of the total housiug construction in 1983 ($77.500 billion,

"Table 2.4). Thus the projected annual shelter yield is taken as 30 percent

of the potential total yield, assuming the minimum project size and using the

* methods described in the discussion of Program 1. The estimated number of

all-effects spaces was reduced by about 3 percent to allow for the possibility

that some multi-family projects could be exempted because of the 7 percent

shelter cost ceiling. Of course, the estimated yield is based on the assumption

Sthat the Federal housing programs would continue at the 1983 rate of activity.

The GNP cost estimate combines all-effects shelter (915,000 x $270 -

$247.0 million) and fallout shelter (270,000 x $50 - $13.5 million) plus $5.8

million for Federal management expense and $2.0million for State management

Sexpense (Table 5.1). In the Budget cost estimate, the cost attributable to

shelter would equal (a) the difference between market interest rate and housing

• •program interest rate for loans and (b) the administrative cost for loan guaran-

tees. It can be seen in Table 4.1 that loans were about 20 percent of the

* activity. Thus the Budget cost wo-ld be for loans, 0.20 x $260.5 million x

0.03 - $1.6 million, the interest %;ost, and, for loan guarantees, 0.80 x $260.5

million x 0.01 - $2.1 million, the administrative cost, for a total of $3.7

million plus the $5.8 million for Federal management and $2.0 million for State

I management.

*m
J
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In summary, this program is addressed to that part of the housing develop-

ment industry that receives Federal financial assistance. Its potential pro-

duction of added shelter is relatively low (about 1.2 million spaces per year)

but so is its Budget cost (about $11.5 million per year).

(a) Advantages

1. It provides entry into the largest potential source of shelter

* to be obtained by slanting: housing.

2. It can provide accurate cost and technical data on slanting

for a category of projects for which no such data now exists.

3. Ic provides a defined target; housing developers who already

.'' have a financial incentive in proceeding with the projects.

(b) Disadvantages

1. It may result in causing some developers not to proceed with

"proposed housing projects, thus partially defeating the housing incentive programs.

2. Its management cost is relatively high compared to the potential

production of shelter.

1 W-
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PROGRAM DESIGN NO. 7

FLAT INCENTIVE PAYMENT

Purpose: To maximize the amount of shelter voluntarily included in new con-

struction through generous payment, minimum red tape, and technical assistance.

Owner ParticiDation: All except Federal agencies (Program 1).

Projects Included: All new buildings and alterations and modifications to

existing buildings except where additional shelter not needed or hazardous

"material or processes present.

Incentive Structure: Federal government offers to pay at construction start

$30 per square foot for all-effects shelter in risk areas; $6 per square foot

" for fallout shelter in other areas. Technical assistance provided.

Minimum Project Size: None

Minimum Shelter Capacity: 50 persons, 10 percent of floor area oi project

occupancy, whichever is greater.

Shelter Cost Ceiling: None

Other Limitations: Must meet minirum shelter standards.

Estimated Annual Shelter Yield (Spaces): 23 million all-effects; 11 million

fallout.

Estimated Annual GNP Cost: $9.07 billion

Estimated Annual Budget Cost: $9.07 billion

Special Features:

(1) Must be combined with Program 1 to cover all buildings and exert

"Federal leadership.

(2) Includes voluntary home shelter program.

Discussion:

The essence of this program is to give building ov-ners "an offer they

can't refuse" to include multihazard shelter in Lheir new construction. By

"offering a generous flat payment irrespective of the actual incremental cost

of shelter, one that obviously will return more than the cost of including

shelter, most owners should be motivated to include as much shelter as is

U
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possible consistent with the other requirements for the structure. Most schools

will go underground. Commercial centers will emulate the Kansas City underground

shopping area. Office buildings will take advantage of the fact that only

the upper slab of a multi-level basement need be designed to resist the blast

loading.

From the Government's point of view, the program is a matter of going

out and buying the shelter where it is needed, paying a reasonable profit as

with anything else it buys. The cost, even when offering a premium price,

is a fraction of the cost of acquiring land and building single-purpose shelters

that could be a "white elephant" with no economic utility.

Estimating the amount of shelter that might be generated annually in

this fashion is a matter of judgement. After reviewing building practices

and prior behavior, we have concluded that a flat payment of $5 to $10 per

square foot above shelter cost might generate the following shelter proportion

of total floor area: Office buildings, 35-40 percent; Commercial buildings,

60-65 percent; Manufacturing facilities, 50 percent; Educational facilities,

75-80 percent; Hospitals and Health facilities, 50-60 percent; Other Nonresi-

dential structures, 30-50 percent. For residential buildings, we think that

traditional requirements for windowed areas are likely to continue to dominate

this kind of construction so that the potential shelter is unlikely to be sig-

nificantly more than those shown in Tables 2.7 and 2.8. Using the floor area

data from these tables for nonresidential construction and the above estimates,

it appears that this program could generate 28 million all-effects shelter

spaces in other than Federal buildings, at least during the first few years

of operation. This annual production would produce a good shelter posture

in many, if not most, risk areas in a period of 5 years or so. As discussed

in Section II, regional and local variations in construction rates make it

unlikely that a well-balanced capabi.ity could be genermted nationwide.

The program also could generate about 11 million fallout shelter spaces

yearly outside of risk areas, which, together with existing and inherent fallout

spaces, could largely eliminate shelter deficits within a decade.

This is a $9 billion a year program, adding 5 percent to the national

construction expenditure. After the first three years. costs would decrease

as opportunities for new construction in shelter-deficit areas became less
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prevalent. Based on a requirement for shelter for about 250 million persons,

the mature program would cost approximately $50 billion over a 5-10 year period.

In summary, the advantages and disadvantages of this program are:

(a) Advantages

1. Offers the most likely means of improvinS the protection of

the population over the short term.

2. Provides a good shelter posture in less than a decade.

3. Avoids legal and enforcement problers associated with a mandatory

program.

4. Management procedures should be relatively simple.

5. Should encourage efforts to control actual shelter costs since

owners can improve profit thereby.

6. Program cost is modest compared to active strategic defense

costs and minor compared to total defense expenditures.

(b) Disadvantages

1. Requires a very large appropriation compared to past CD programs.

2. Premium payment is open to charges of "boondoggle", etc.
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PROGRAM DESIGN NO. 8

GRANT PLUS LOAN SUBSIDY

Purpose: To obtain radical improvement in the protection provided the population

by subsidizing the incorporation of she'ter in new construction.

Owner Participation: All except Federal agencies.

Pro4 .cts Included: All new buildings and alterations and modifications to

existing buildings.

Incentive Structure: Grancs to State and local governments and qualifying

nonprofit institutions plus loan subsidies for all other owners to defray

the actual incremental cost of shelter. Technical assistance provided.

Minimum Project Size: 5,000 square feet of floor area except that rezIdences

:d exempted if they contain less than 5 dwelliu, units and are in a project

containing less than 20 dwe'ling units.

Minimum Shelter Capacity: 50 persons, 10 percent of floor areas, or project

occupancy, whichever is largett.

Shelter Cost Ceiling: None except that incentive payments are limited to $270

per space for all-effects Ahelter and $50 per space for fallout shelter.

Other Limitations: Not eligible if additional shelter not needed, public shelter

operationally impractical, or building houses hazardous materials or processes.

Estimated Annual Shelter Yield (Spaces): 10,945,000 all-effects; 2,450,000

fallout.

Estimated Annual GNP Cost: $2.86 billion

Estimated Annual Budget Cost: S2.86 billion

Special Features: Mandatory shelter in Federal buildings must be combined

with this program.

Discussion:

This program is a modification of Program 7. The Federal government

will pay to the owner the actual cost of adding shelter (up to a specified

maximum) plus the costs of administering the program. The full range of tech-

nical assistance discussed in Program I will be provided.
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Payments will be made in the form of grants to State and local -overn-

ments and to health and welfare and otaer nonprofit institutions as defined

in Paragraph 4.2. These grants will be made available at the start of construc-

tion. Payments will be made in the form of loan subsidies to all other owners.

The amount of the loan subsidy will be equivalent to the amount of a grant,

had a grant been made. Loan subsidies arw available at the start of constcuction.

Making funds available at the start eliminates the necessity for the incentive

to cover the interest the owner would havy had to pay on the funds expended

for slanting and thus reduces the budget cost of the program.

Paymetnts will be based on the estimated incremental cost of the slanting.

However, the payments will be limited to a rAximum of $270 per space of all-effects

shelter and $50 per space of fallout shelter for all needed shelter spaces

included in the project that are certified by a qualified shelter analyst to

meet the requirements at the location of the project.

The estimated annual shelter yield is based on Tables 2.7 and 2.8 as

modified to allow for the effect of the 5,000 sq. ft. threshold by the method

described in Program I and further reduced by 3 percent to allow for the effect

of other exclusions. Undoubtedly, some owners would not participate. On the

other hand, experience has shown that some 40 percent of the floor area of

schools wnlda be built underground, providing about 1.6 million all-effects

spaces and 0.6 million fallout spaces. Similarly, 20 percent of office floor

area would be built as shelter, doubling the estimated shelter yield to 2.5

million all-effects spaces and 0.6 million fallout spaces.

With payments limited to actual cost rather than the flat rate, the cost

of all-effects shelter shca iverage $250 per space and chat of fallout shelter,

S-5 ;er space. Thus. the GNP cost of all-effects shelter would be 10,945 x

$250 - $2.74 billion and that of fallout shelter 2,450,000 x $45 - $0.11 billion.

To this is added $7.8 million for program management for a total GNP cost of

52.86 billion. In this program, the Budget cost would be the same as the GNP

cost.

In summary, this voluntary program applies to all owners except the Federal

government (Program 1). This cost is limited to the actual cost of slanting

with specified maximu costs per space but there is no limit on the number

of space per project. Failure of some owners to participate would be offset
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by an increase in the number of spaces incorporated by others.

(a) Advantages

I. The opportunity for an owner to maake a profit on slanting is

limited.

2. The yield would be increased because of additional shelter

incorporated in schools and office buildings.

3. Increases construction cost less than 3 percent on the average.

4. Reduces time to achieve good shelter posture to less mnan 15

years.

(b) Disadvantages

1. Program managemeat would be more difficult because of the need

to verify "actual cost" estimates.

2. Is vulnerable to federal budgetary and appropriation cutbacks.

3. Still takes longer than a decade to achieve a good shelter

posture.
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PROGRAM DESIGN NO. 9

LOAN AND LOAN SUBSIDY

Purpose: To obtain radical improvement in the protection provided the popu-

lation by underwriting the cost of slanting of new construction.

Owner Participation: All except Federal agencies.

Projects Included: All new buildings and alterations and modifications to

existing buildings.

Incentive Structure: Low-cost loans to State and local governments and quali-

fying nonprofit institutions plus loan subsidies to all other owners to defray

the actual incremental cost of shelter. Technical assistance provided.

Minimum Project Size: 5,)00 square feet of floor space except that residences

are exempted if they contain less than 5 dwelling units and are in a project

containing less than 20 dwelling units.

Minimum Shelter Capacity: 50 persons. 10 percent of floor area, or project

occupancy whichever is largest.

Shelter Cost Ceoling: None except that incentive payments are limited to $270

per space for all-effects shelter and $50 per space for fallout shelter.

Other Limitations Not eligible if additional shelter not needed, public shelter

operationally impractical, or building houses hazardous materials or processes.

Estimated Annual Shelter Yield (Spaces): 10.945.000 as. -effects; 2.450,000

fallout.

Estimated Annual GICP Cost: $2.86 billion

Estimated Annual Budget Costt: $2.86 billion

Special Features: Mandatory shelter in Federal buildings must be combined

with this program.

Discussion:

This program ,s the same as Program 8 except that the incentive for State

and local governments and qualifying nonprofit institutions is in the form

of low-cost loans instead of grants. All ocher owners would be offered loan

subsidies.
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The low-cost loan would be for the full cost of the project including

the actual cost of shelter. The interest rate on the loan would be set below

the market so that the present value of the difference between the interest

paid and the interest that would have been paid would equal the cost of

shelter. This loan would then be sold in the secondary market at its dis-

counted value. Thus, the net cost to the Federal government would be equal

to what the grant would have been.

In sutary, the advantages and disadvantages of this program would be

the same as for Program 8.

!I
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PROGRAM DESIGN NO. 10

PUBLIC SECTOR GRANT

Purpose: To achieve improvement in the protection provided the population

by prcviding a subsidy to some owners to slant the design of new construction.

Owner Participation: State and local governments and qualifying nonprofit

organizations.

Projects Included: New buildings and alterations and modifications to existing

buildings.

Incentive Structure: Grants to participating owners equal to the cost of adding

shelter.

Minimum Project Size: 5,000 square feet of floor area, except that residences

are ineligible if they contain less than 5 dwelling units and are in a project

containing less than 20 dwelling units.

Minimum Shelter Capacity: 50 persons, 10 percent of floor area, or project

occupancy,. whichever is largest.

Shelter Cost Ceiling: None except that incentive payments are limited to $270

per space for all-effects shelter and $50 per space for fallout shelter.

Other Limitations: Not eligible if additional shelter not needed, public shelter

operationally impractical or building houses hazardous materials or processes.

Estimted Annual Shelter Yield (Spaces): 5,340,000 all-effects; 1,340,000 fallout.

Estimted Annual GNP Cost: $1.41 billion

Estimated Annual Budget Cost: $1.41 billion

Special Features: Mandatory shelter in Federal ouildings must be combined

with this program.

Discussion:

This program is similar to Program 8 except that it does not offer loan

subsidies to private owners. It resembles the program of H.R. 8200 in 1963.

As in Progr= 8, schools, which are practically all covered by this program,
would produce about 1.6 million all-effects spaces and 0.6 million fallout

spaces. Except for schools, the public sector (excluding the Fedtral government)

would produce about 40 percent of the shelter production of Program 8 (3.74
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million all-effects spaces plus 0.74 million fallout spacas). Adding school

shelter gives a total yield of 5.34 million all-effects spaces and 1.34 million -

fallout spaces. The example offered by the governments might induce some private

owners to incorporate shelter but the amount would not likely be significant.

At average costs of $250 per space for all-effects shelter ($1.34 billion)

and $45 per space for fallout shelter ($0.06 billion) plus $7.9 million for

program management, the GNP cost of this program would be $1.41 billion per

year.

In summary, this program is addressed to the public sector whose respon-

sibility for protection of the population was established in P.L. 920, the

Civil Defense Act of 1950.

(a) Advantages:

1. It eliminate, the need for trying to induce the private sector

(56 percent of the total potential) to incorporate shelter.

2. It demonstrates leadership by government.

(b) DisadvantagLa:

1. It increases the time to achieve a good shelter posture to almost

30 years.

".42
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PROGRAM DESIGN NO. 11

PUBLIC SECTOR GRANT PLUS TAX CREDIT

Purpose: To achieve substantial improvement in protection for the population

by subsidizing the incorporation of shelter in most new buildings.

Owner Participation: All except Federal agencies.

Projects Included: All new buildings and alterations and modifications to

existing buildings.

Incentive Structure: Grants to State and local governments and qualifying

nonprofit institutions plus a tax credit for all other owners equal to the

incremental cost of shelter. Technical assistance provided.

Minimum Project Size: 5,000 square feet of floor area except that residences

are ineligible if they contain less than 5 dwelling units and are in a project

that contains less than 20 dwelling units.

Minimum Shelter Capacity: 50 persons, 10 percent of floor area, or project

occupancy, whichever is largest.

Shelter Cost Ceiling: None, except that incentive payments are limited to

$270 per space for all-effects shelter and $50 per space for fallout shelter.

Other Limitations: Not eligible if shelter not needed, public shelter operationally ..

impractical, or building houses hazardous materials or processes.

Estimated Annual Shelter Yield (Spaces): 10,945,000 all-effects; 2,450,000

fallout.

Estimated Annual GNP cost: $2.98 billion

Estimated Annual Budget Cost: $2.98 billion
Aq

Special Features: Mandatory shelter in Federal buildings must be combined

with this program.

Discussion:

This program is similar to Program 8 except that a tax credit equal to

the incremental cost oi shelter is offered to private owners instead of a loan

subsidy.

The significant feature of this program is the introduction of the tax

credit. This renders program management somewhat less burdensome because it
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. eliminates the need for buying the loans and selling them in the secondary

market which is necessary in the loan subsidy incentive. Also, research

IS indicates that builders are mcst satisfied by the use of a tax credit. In

ge.,eral, however, the performance of this program should be similar to Program 8.

On the other hand, the cost of this program would be somewhat greater

than that of Program 8. There would be a delay of about a year between the

* time the private developer invested his money in shelter construction and the

time at which he would realize the tax credit. The interest on the investment

for that period would be a real cost of incorporating shelter. Therefore, the

costs of this program were estimated on the basis of $270 per space in all-

effects shelter and $50 per space in fallout shelter for private owners as

opptsed to $250 and $45 in Program 8.

Although the annual budget cost of this program is nearly $3 billion,

the funding request to the Congress would be only about half this amount.

The majority of the shelter space would be dtveloped by the private sector

and their costs would be reflected in lower Federal revenues bec'use of the

tax credit. This probably would constitute an advantage for this program over

Program 8. Otherwise, the advantages and disadvantages of this program appear

similar to those of Program A.

3'



-• ""SECTION VII

EVALUATION OF ALTERNATIVE PROGRAMS

"7.1 Limitations of the Analysis

* - In some measure, any evaluation of the shelter incentive programs described

in Section VI will be conditioned by the quality of the information on which

"they are based. Since quantitative figures on potential shelter yields and

costs tend to have considerable influence on evaluative judgments, it is useful

S ., to review critically the basis for quantification and how it might affect the

findings and conclusions of the study.

% The dimensions of this project did not permit a major and detailed exam-

ination of annual construction data. We worked with summary data published

by McGraw-Hill's Dodge-Sweet Divisions and with summary printouts provided
s • by the Bureau of the Census. The Dodge construction estimates provided the

data on contract valuation and floor area and, hence, the anit costs for building

construction, as shown in Table 2.1. These data were presented as "1983 pre-

liminary" data but more complete tabulations were unavailable during the study

period. However, the unit costs appeared reasonable and use of incomplete

or preLinary data should impart a conservative bias to the construction

estimates.

The Dodge summary data also provided information on numbers of dwelling

I ~units and therefore tho average floor area and cost of these units. But no

information on numbers of projects or average project valuation was provided

in the estimates. For this information, we turned to the Bureau of the Census
building permit data. These data, summarized in Table 2.2, also were known

, to be incomplete and they recorded only buildings whose owners were required

to obtain a building permit. The Census data gave numbers of buildings and

valuation, the latter of which could be compared with the Dodge data, once

*• differences in definitions of categories were understood and accounted for.

Overall, the relationship between the two sets of data was reasonable: The

"* K'. building permit valuation was less than the Dodge valuation and the differences

were greatest in the building categories where government projccts tend to

• "dominate; namely, schools and hospitals (Table 2.3). Nevertheless, the Census

overall valuation was higher than our estimates of government ownership (Table

-. 2.12) would suggest and in one category, Manufacturing, the Census valuation
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exceeded the Dodge valuation by nearly 50 percent! One option would have been

to increase the Dodge "preliminary" 1983 figures somewhat on the basis of these

considerations, but, as can be seen in Table 2.3, the more conservative approach

was taken. Accordingly, our "average year" valuation and floor area estimates

are probably somewhat conservative for the year 1983. To the extent that 1983

was really an "average year," the estimates of shelter yield in Section VI

may be somewhat low.

The real concern about the Census building permit data lies in the number

of buildings recorded. This information, together with valuation, allows deter-

mination of the average cost per building, and, using the Dodge unit cost data,

the average building floor area. This information was useful in weeding out

shall use categories and alterations that would not be susceptible to slanting

technology hut, even after the geographic data were applied to differentiate

between the larger urban projects and the smaller rural projects, the average

project sizes turned out to be uncomfortably low (Tables 2.4, 2.7, and 2.8).

For example, the few case st'dies on which all-effects slanting costs are based

(Table 3.1) are based on shelter areas that for the most part would be associated

with buildings much larger than the average sizes derived from the Census data.

One possible explanatici could be that ccsts for building permit purposes are

routinely understated but this variation would have to be very large to account

Sfor this difference. The problem is further complicated by the decision to

truncate the assumed distribution of cost per building (Table 2.11) a% three

times the average. In almost every category, buildings art commonly observed

costing 10 and 20 times the average costs derived from the Census data. For-

tunately, the high end of the distribution was not used in the analysis. Prima-

"rily, the low end was used to dete-mine the loss in potential shelter caused

by setting the minimum project size at 5,000 square feet. If the use of the

Census data underestimates the average size of buildings or the assumed size

distribution places too much valuation in the small aize range, again our pro-

.* jections of annual sheltei yield may be somewhat low.

In estimating incremental shelter costs for all-effects shelter and their,

relationship to total project costs, we have depended on the case stu es of

Murphy et al. These studies were done in 1969 and have been subject to peer

* review for over 15 years. The methodology has been accepted and incorporated

into FEMA guidance. Since 1969, building costs have tripled but the data for

%..
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adjusting costs are readily available. Nonetheless, the basis for estimating

the all-effects costs is not robust, especially at the 30-psi blast overpressure

level. One would prefer many more case studies, more attention to cost-saving

technology, and, above all, some actual building of blast-slantad basements.

"On the whole, however, we judge that the costs used in this study are on the

high side compared to what is likely to be the consequence of deployment of

any of the alternative programs.

Finally, a real limitation to the analysis was the general lack of data or

evidence on the :ate of participation cf owner groups in subsidy programs as

a function of the amount of subsidy. All of our gleanings are recorded in

Section IV. In exploratory visits to the Department of Housing and Urban Develop-

ment, officials indicated that such relatiorships were not a priority subject

of study. Subsidies either worked or didn't work or were set by other criteria.

The evidence did indicate that the public sector has been much more cooperative

than the private sector but that additional costs %4re usually "a prohibiting

factor" in most cases. An exception appears to be schools (Table 1.1) where

the design benefits of underground construction is increasingly accepted,

especially in tornado-prone areas.

Six of our eleven program designs are mandatory in nature and full owner

participation is a reasonable assumption if the bases for exemption are not

trivialized. Program Design No. 7, Flat Incentive Pa:'ient, is the only candi-

Sdate program designed to make participation a profitable venture. If the cost

variations in Table 3.1 are approximately correct, participation in such a

program is increasingly profitable the larger the project or the more that

"-. the building becomes shelter, or both. This dynamic is the essence of the

free enterprise system. How rapidly shelter would be produced is highly judg-

"mental at best but our estimates in Section VI could be underestimates. On

the other hand, Program Design Nos. 8 through 11 are all versions of a program

limited to actual shelter cost cr its present-value equivalent. We assume

"general participation, which could happen in the right societal context since

the prohibiting factor of cost has been eliminated. However, with no possible

"profit motivation, a major part of the private sector, at least, may choose

not to participate for a variety of reasons. If half the pri~ate sector failed

to participate, shelter yields would be reduced by more than a quarter.

................................................
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7.2 Characterization cf the Alternatives

The eleven alternative programs described in Section VI employ a v.ariety

of incentives and address all classes of owners in a variety of patterns, as VA

shown in Table 7.1. Five of the programs include a mandatory requirement,

Program I applying to Federal agencies only and Programs 2 through 5 applying

to all owners. However, we are convinced that none of the other candidate

programs, with the possible exception of Program 7, will be effective unless

Program 1, Mandatory Sheltei in Federal Buildings, is made a part of the total

package.

Programs 4, 5, 8, 10, and 11 provide grants to State and local governments

and to nonprofit health and welfare institutions. Program 9 provides low-cost

loans to these same owners in lieu of grants. Programs 4, 8, and 9 provide

loan subsidies to nonqualifying nonprofit institutions and private entrepreneurs

and Program 11 provides tax credits to these same owners in lieu of loan subsidies.

Program 6 requires owners, public and private, who participate in Federal housing

programs to incorporate shelter in their projects. Program 7 provides grants

to all owners except the Federal government.

The Accelerated Cost Recovery (ACRS) incentive described in Section IV

was not included in any of the program designs because it was found that devel-

opers prefer tax credits and loan subsidies. Therefore, it appeared that

the ACRS would not be productive and, in addition, would likely entail greater

costs in the long run.

As noted earlier on, tae variables in this study could spawn a very large

number of distinguishable program alternatives. To lay all of these out would

only "hide the forest for the trees." Many of the unstated alternatives are

obvious by inspection once the thrust of a program design is known. For example,

Program 7 employs grants only but similar programs can be devised using loan

subsidies or tax credits for the private sector so long as these have a compar-

able effect to the grant and are not tied to incremental shelter costs but

rather offer a profit incentive. The main purpose of some of the program

designs is to exhibit the main characteristics of important variations. -.

7.3 Comparison of Alternative Programs

The yields and costs of the alternative programs are compared in Table

7.2, in which the programs are ranked in descending order of estimated annual
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TABLE 7.1

OWNER PARTICIPATION BY TYPE OF INCENTIVE

Type of Incentive

PPgm ntm Low-Coat I Loan Tax - -P r o gl r a m M a n d a t o r y Q u l i i n e r a n t L o ns b i yC e iQla~o.n Loan '8ualdnly Credilt

7__

10 __

Class of Owner (asee paragraph 4.2)

OAll
( Federal .evernment

@ tate and Local governments and Health and Welfare Institutions

@Other Nonprofit Institutions and Private Entreponeure

@All owners participating In Federal Housing Programs
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shelter yield. It will be noted that the estimated yields and costs for all

of the voluntary programs (6 through 11) include the yield and cost of Program

1. Mandatory Shelter in Federal buildings. This reflects the predication of

the yields of these programs on clear Federal leadership and comitment.

(Mandatory shelter in Federal buildings is part of all mandatory programs.)

m Program 7, the profit-making alternative in which the Government sets

out to buy shelters as it would bombers and submarines, generates the highest

yields and consequent program costs. The average cost per shelter space, however,

* is not exorbitant and less than some alternatives. This is a program of nearly

$10 billion annually that accomplishes its purpose in a period of 5 years,

more or less. This is a planning horizon comparable to that of the much less

-costly crisis relocation program that the Carter and Reagan adminstrations have

attempted to get funded by the Congress. It is also comparable to that of

the much more costly Strategic Defense Initiative, should a deployment decision

be reached.

Next below Program 7 are four programs judged to produce about the same

amount of new shelter. These have been ranked in Table 7.2 by least cost.

I Program 5, one of the mandatory programs, is ranked first. It is lesa costly,

especially to the Federal budget, because the private sector is unsubsidized.

., Grants for shelter cost to state and local governments and nonprofit entities

should make this program relatively popular politically. The Federal budget

* cost is only 1 1/3 billion dollars, in the region of some of the outyear costs

presented to the Congress in recent years. Of the other programs of equal

productivity, special attention might be paid to Program 11, which, although

the most costly, hides a majority of its budget cost in the form of lost

revenue from the tax credit. Hence, the required annual appropriation is not

much more than that for the mandatory program, Program 5. The other two voluntary

incentive programs are frankly $3 billion dollar a year programs. They cost

,. one-third of Program 7 and produce 40 prcent of its new shelter. These four

programs must operate over a decade to produce a reasonable shelter posture.

By "reasonable," we mean that sufficient shelter will become available in the

Sunbelt and most large cities, many other localities will be able to shelter

their population by crowding, and serious deficits will be found mainly in

decaying, blighted areas where evacuation or single-purpose shelter is the only

likely solution.
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The remaining Programs in Table 7.2 consiat of mandatory programs Pad

programs dealing only with some ownership classes. They produce progressively

less new shelter although seme have quite modest Federal budget costs compared

to the more productive programs. Their value depends in part on the Government's

policy objective and in part on how they can be combined with other programs

or program features.

7.4 Program Combinations

Some of the program alternatives can be combined (we have added Program

1 to all other programs in Table 7.2 in which it is not already included.).

And, as noted before, some program faatures, such as tax credits, can be sub-

stituted in or added to selected programs. These combinations may be of interest

for a variety of reasons. They may be perceived as being more acceptable to

Congreisional committees that must pass on annual authorizations and appropri-

ations. They may be more attuned to Administration policies and active defense

schedules. They may be combined to create a more palatable or understandable

program at the State and local level. Finally, they may be considered as a
"nested" set of options that can be proposed in logical succession to best

accomplish an objective or to deal with legitimate objections to other courses

of action.

The most obvious combination of the latter kind is to deploy Program I

initially and to expand to one of the more productive programs a year or two

later when the management and technical assistance mechanisms are in place,

better cost data are in hand, and the benefits and feasibility of program

expansion are more demonstrable and credible. Another important alternative,

if total deployment time is of critical interest, would be deploy Programs I

and 10, the mandatory Federal shelter program and the public sector grant

initially, with the option to expand to the flat incentive payment scheme

as soon as technical and cost experience warranted. This type of approach

was essentially that behind H.R. 8200, which, it will be recalled, passed the

House of Representatives in 1963 and probably would have bccome law if President

Johnson had continued the Kennedy support of the proposal. Of course, the

concept of paying a premium over cost to obtain more shelter in new construc-

tion was not proposed at that time but it cannot be ruled out if approaches

had been made to the private sector.
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7.5 Preferred Shelter Incentive Program

U The Statement of Work for this study calls for "a recommended optimum

program design." We know of no methodology for determining the optimelity

of any shelter incentive prograa and any prefercnce expressed here must be

interpreted in light of our perceptions of the rational objective of any shelter

S incentive program. As to objective, we assume that the intent of the Govern-

ment is to achieve a reasonable level of shelter protection for the population

• within a reasonable period of time, say, less than a decade. On this basis,

the Flat lncentive Payment program, Program 7, is recommended in preference

to any of the other programs. On the other hand, it is essential to get better

cost data before setting the flat payment and this depends also on improving

the technical assistance basis for the program. If a sufficient market develops,

private entrepreneurs can be counted on to offer blast doors, blast valves,

and the like at very competitive prices. The engineering profession also can

be counted upon to develop cost reduction techniques in other areas. For this

purpose, it is recommended that Programs I and 10 be deployed initially for

at least two years. This approach would yield about 15 million shelter spaces

(all-effects plus fallout) over the two-year period at a cost of about one and

one-half billion per year. Assuming that the results were as promising as

we expect, a flat payment incentive could be offered thereafter. This incentive

would likely achieve the Government's intent over the next four to five years,

I probably at a cost substantially less than indicated in Table 7.2, especially

if the incentive payment were "fine-tuned" annually on the basis of cost data

and analysis of the production level of new shelter.

The legislation needed for this approach is very similar to the House-

passed H.R. 8200. Indeed, the first two-year increment differs only in minor

detail. A draft of legislation for the flat incentive payment program is con-

tained in Appendix D.

A



SECTION VIII

CONCLUSIONS AND RFCO."E%*DATIONS

8.1 Conclusions

On the basis of this analysis, the following conclusions are drawn:

I. Multi-hazard shelter incentive programs are a feasible means of

improving the in-place protection provided the U.S. population against

a wide variety of peacetime and wartime hazards. However, the approach

of slanting the design of new construction to incorporate multi-hazard shelter

is unlikely to achieve a uniform level of protection throughout the country

because of significant regional variations in the annual amount of new con-

struction. In some areas of the Northeast and Midwest, incentives must

be continued and shortfalls covered by single-purpose or expedient shelter LA

construction and evacuation plans.

2. The technology for full slanting of new construction exists but

experience is based on a limited number of case studies. These studies

indicate that the current unit cost of all-effects shelter in building basements

',aries with the size of the shelrer area and may average $25 per square

foot additional cost to meet the standards set in this study. The incremental

cost of basement fallcut shelter meeting the specifications set in this

study is estimated at $5 per square foot.

3. There have been no successful shelter incentive programs in the

United States. Successful shelter incentive programs in European countries

are mandatory in nature, usually with government cost-sharing. However,
our conclusion is that an appropriately designed flat incentive payment

for the voluntary incorporation of multi-hazard shelter in new construction

will generate much more shelter space annually and will avoid the problems

intrinsic to mandatory programs at a modest increase in the cost per shelter

space.

4. A multi-hazard shelter incentive program carried out to maturity

is estimated to cost $40 billion to $46 billion, assuming a target of 150

million all-effects shelter spaces and 100 million fallout shelter spaces.

The time period required is estimated to range from as little as 5 years

for a flat incentive program to as long as 30 years for a limited cost-only
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incentive program for the public sector. Clearly programs of this magni-

tude would be recomended by the Administration and approved by the Congress

only under circumstances quite different from those existing today.

8.2 Recomendations

The following recomnmndationus are offered for consideration:

1. FEMA should maintain a capability to describe, explain, and justify

multi-hazard shelter incentive programs for policy planning purposes.

2. FEMA should invest at least in reseArch to improve all-tffects

i slanting technology and in case studies to improve the basis for design

standards and costing. In addition, an experimental program to incorporate

all-effects shelter in a limited number of Federal buildings should receive

serious consideration.

3. Pending the outcome of further study, the design standards proposed

in this study should be adopted.

I

I

d
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APPENDIX A

STRUCTURE SHIELDING ANALYSIS

FOR INITIAL NUCLEAR RADIATION

• This schematization of the analysis of the structure shielding provided

"- by a simple structure against the initial nuclear radiation from the detonation

of a nuclear weapon is based on the work of L. V. Spencer (Nuclear Science and

Engineering, 57, 129 154, 1975), and C. M. Eisenhauer (unpublished NBS reoort).

The componentu if the initial nuclear radiation (INR) of corcern include:

(a) gamma radiation from the fission products emitted from the developing and

rising fireball during the first minute, (FPG); (b) "secondary" gamma radiation

* produced by the interaction of neutrons with nitrogen in the air (ASG); neutrons

emitted from the detonating weapon, (N); and gamma radiation produced by the

neutrons in interactions with the materials of the walls and floors of the

structure (NGAM). Because of the differing nature of the interactions of eacn

of these components due to their nature, energies, and angular dJstributions,

each of the components must be treated separately in the calculation of their

attenuation.

3 The shielding afforded by a structure is calculated in terms of a quantity

called "reduction factor", (RF). Each of the -bove mentioned components will

"have their own RF, e.g., RF RFN, etc. Further, the roof and walls of the.'" F N'

structure are treated separately and the tespective RFs added, e.g., RFN + RFpR;-

RFN. The final RF of the structure, presently calculated only for the central

-. location on a given floor, is the sum of the individual RFs for each component

of the INR plus that of the NGAM. (The RF for NGAM is defined as the ratio of

the dose from ganma radiation produced by neutron interactions in the roof and

walls and the incident neutron radiation -- rather than the incident garmia

"-" radiation.) However, the sum must be a weighted sum using the fractional part

of the total INR dose (outside) represented by each component. The NGAM RF

has the same weighting as its source, namely the neutrons. Alternatively, the

individual doses for each component plus the NGAM may be calculated for the

"* inside position and then added directly.

The form of the expressions used to calculate the RFs for the compornnts

"are similar and the distinction between them will be made using the designators

FPG, ASG, N, and NGAM. The reduction factor for a component, i.e., the ratio of

1;°
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the dose at the designated point in the structure to the free field dose is

calculated from the product: q

RF - M * B(X) * G(X,w) (1)

In the equations X will designate the thickness of a wall, a roof, or an over-

head slab in pounds per square foot of concrete. tt slab 12 inches thick has

X - 144 pfs. Xr, Xe, and Xs designate the thicknesses of the roof, the exterior

wall, and the overhead basement slab respectively. Interior partitions are to

be ignored here. The factor M is the "Mutual shielding factor" and for an

isolated building has the values 0.85 for roof FPG and ASG, 0.58 for roof N,

and 0.5 for walls. The factor B is the Barrier Factor and is a function of the

thickness, X, of the specific barrier under consideration. The factor G is

called Geometry Factor, and may itself be the difference and product of secon-

dary "geometry factors." The geometry factors may involve barrier thicknesses

In certain circumstances but are mainly a function of a so-called "solid angle

fraction." A solid angle fraction is the fraction of a complete sphere subtended

by the part of the structure under consideration. The solid angle fraction

subtended by the roof from the central point in the basement is called "%u" for

omega upper; that subtended by the basement ceiling alsb, "%Z", for omega lower.

Another solid angle fraction, we, will be used in accounting for neutrons

scattered back to the detector point in the basement from the basement floor.

One further quantity is used to describe the geometry of the building, the

angle 00, which is the angle between the perpendicular from the central detector

point to the wall and a horizontal line to the corner of the building.

Using the above symbols, equation (1) for the reduction factor for the

fission product gamma radiation impinging on the roof of a one-story structure

and penetrating through the overhead basement slab to the detector point becomes:

RIRFPG= 0.85 * BFPG(Xr+Xs) * GFPG(ul, Xr+Xs) (2)

Similarly, for the air secondary gamma radiation,

RFRASG- 0.85 * BASG(Xr+Xs) * GASG(u, Xr+Xs) (3)

For the neutrons and the related gamma radiation produced in their interaction

with the various parts of the structure, it is necessary -to include an estimate

of the neutrons and their induced gamma rays scattered from the surfaces of

the chamber, i.e., walls and floor. It is convenient to introduce an intermed-

iate step. Define a quantity MEG as,
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MBGR:' 0.65 * B&R:qXr+Xs) * GpRy(wu,Xr+Xs) (4)

To account for the neutrons that scatter to the detector point, a quantity

that depends on wZ and we is added to equation (4) as,

RFH = .- 1BGRN * (lG+(WL)+Oe('e)) (5)

Since a fraction of the neutrons that are captured in the structure lead to
gamma rays, the scat:-!red neutrons are accompanied by a smaller gamma ray

component. A factor of 0.3 is used to evaluate this gamma ray component in
"the following:

RFNGAM - 0.58 * BRG(Xr+Xs) * GRG(Xr+Xs) + 0.3 * (c(w)+c(e))

*(MBGRN) (6)

To calculate the reduction factors for radiation penetrating the walls of

"the first story and then the basement overhead slab, one uses a straight

forward approach for the FPG and the ASG components for each wall separately

and treats the attenuation in the overhead basement slab as a multiplicative

factor. However, for the N and the NGAM components of the RFs, the overhead

slab is considered to be folded up against each of the walls. Again, the effect

of neutron scattering must be corrected for.

For the FPG component the equation for the wall RF is,

RFWFPG - 0.5 * BFPG(Xe) * 0.85 * (GFPG(Xye,c u) - CIFPG(XeWZ))

* G2FPG(Xe,Sin 00) * BFPG(Xs) (7)

where the values of the Bs and Gs are taken from curves for wall cases. The

expression for ASG is the same as Equation (7) with the values for ASG substi-

tuted for those of the FPG.

For neutrons penetrating a first floor wall and then the slab (but with

the convention that the slab is folded up against the wall) and again defining

an intermediate quantity, MBGwN as,

MGBWN- 0.5 * BWN(Xe+Xs) * 0.58 * (GlWN(X,wu) - GWN(X,wZ))

*G2WN(X,Sin 0o) (8)

and then,

RFwN MBGWN * (1 + P((40) + Pe(te)) (9)

For the gamma radiation resulting from the capture of neutrons in the

j walls and floor of the basement one has an equation similar to Equation (6)

for the roof case. For NGAM, for each wall,

RFNGAM " 0.5 * BwG(Xe+Xs) * 0.58 * (GwG - GWG(X+Xs,)) -

* G2WG(Xe+Xs,Sin 0o) + 0.3 (0(uW) + Pe(we)) * (MBGwN) (10)

. 4.,
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Example: This schematization was applied to the case of a one-story building

with basement. The plan dimensions of the building were 100 feet by 100

*- feet. The basement was 10 feet deep with the detector position in the

center and 3 feet above the floor. The first story was 8 feet high with

light walls (Xe-7psf) and a roof having Xr- 3 6psf (approximately equivalent

10 to 3 inches of concrete). For this case: wu-0.739; wi=0.875; we- 0.946;

0..-0.707; 0(wt)-0.385; Pe(we)-0. 6 5 5 and P+Qe'I.0 4 0 . The overhead basement

"slab thicknesses chosen were: 12 inches, 14 inches, 16 inches, 18 inches

and 24 inches. The corresponding mass thicknesses (Xs) were: 144 psf;

168 psf, 192 psf, 216 psf and 288 psf respectively.

Table A.1 gives values of the parameters occurring in Equations 1-10.

Those parameters depending ottly on the geometry of the building have a

"constant value for all values of X.. Two of the geometry factors GFPG and

WN GASG, while depending on Wu, have values of 1.0 for wu-0.739 for all values

of (Xs+Xr)> 7 2 psf, and are thus constant for this example.

/ .••. Table A.2 (a to e) presents the results for each of the five overhead

basement slab thicknesses. The first section of the table for each thick-

ness gives the reduction factors, separately for each radiation component

and for roof (R) and wall (W), e.g., RR(FPG) is the roof reduction factor

for fission product gamma radiation.

* The four succeeding sections for each thickness apply these reduction

factors to find the total inside dose DOSE(IN) for each of four weapon
burst conditions. Since the relative proportion of fission product gamma

"radiation, air secondary gamma radiation and neutron radiation (plus its

accompanying NGAM) change with weapon siza and distance from the burst to

a given overpressure value, the inside doses must be calculated for each

condition. Shown are the DOSE(IN) for a 1 MT and a 200 KT weapon each

at distances for which the overpressure values are 20 psi and 30 psi.

p These values have been plotted for both weapon sizes and both over-

pressures. (See Figure 3.1 in the text.) The inside doses range from

about IOOOR for the 200 KT burst at 30 psi for a 12 inch overhead slab

to about 5R for the 1 MT burst at 20 psi and a 24 inch slab. For the cases

,_ of I MT at 30 psi and 200 KT at 20 psi the curves are reasonably close

together and show that to keep the inside dose less than 100 R an overhead

slab thickness of between 141 and 17J inches of concrete would be required.

B"

...........-.. . . .. . .*".. .. . . .. . . .



TABLE A.1

DATA SHEET -TNITIAL NUCLEAR RADIATION STRUCTURE SHIELDING

12" 14" 16" 18" 24"

QUANTITY Xs- 144 Xs-168 Y"-192 Xs"216 Xs"288
Xr+Xs- 180 Xr+Xs- 2 04 Xr+Xs,,228 Xr+Xs-25 2  Xr+Xs-324
Xe+Xs'151 Xe+Xsl175 Xe+Xs"199 Xe+Xs =2 2 3 Ye+Xs-295

BFPG(Xr+Xs) 0.0098 I 0.00580 0.00373 0.0024 0.00120

GFPG(wu,Xr+Xs) * 1.0

BASG;(Xr+Xs) 0.0275 0.018 0.012 0.0080 0.0025

;ASG(wu,Xr+Xs) *_1.0 _ -- --_

BRpN(Xr+Xs) 0.022 0.014 0.0091 0.0058 0.00155
.__GRN (wu) • 0.86 _ -'0

.1 (0+0) * 1.040

BRG(Xr+Xs) 0.0305 0.0245 0.G185 0.0128 0.0043

GRG("u,Xr+Xs) 0.878 0.882 0.,900 0.910 0.932

BFPG(Xe) * I0.62 - _-..-._

BASG(Xe) * 0.85

"BFPG(XS) 0.020 0.010 0.0070 0.00380 0.00105

" BASG(Xs) 0.356 0.044 0.031 0.022 0.0071

GIFPG(.Xe,clu) * 0.265 -

G1FG(Xe,w0) * 0.122- -

G2FPG(Xe,Sin 00) * 0.54

*G ASG(Xec~u) 0.167-- i
GIASG(Xe,w0) * 0.063--

G2ASG'Xe, Sin o) * 0.54-

BWN(Xe+Xs) 0.033 0.0205 0.013 0.0082 0.0021

GIWN(wu) * 0.312 --

GIWN(wZ) * 0. 155 --

G2WN( Sin Oo) * 0.655

BWG (Xe+Xs) 0.034 0.0270 0.0210 0.0165 0.0063

GiWG(Xe+Xs,wu) 0.291 0.300 0.310 0.318 0.344

G IWG(Xe+Xs,•) 0.138 0.140 0.142 0.144 0.188

G2WG(Xe+"s, Sin 00) 0.622 0.640 0.642 0.650 0.680

*Quantities having same value for all values of 14 4 iXs<288psf.

/
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TABLE A.2 (a)

INR REDUCTION FACTORS AND INSIDE DOSES

12 IN SLAB X.-144

RR(FPG) - 0.00833 RF(FPG) , 0.00995

RW(FPG) - 0.00162 RF(ASG) , 0.02791

RR(A.SG) - 0.02337 RF(N) , 0.03041

.R(ASG) - 0.00454 RF (NGAM) 0.02676
RR(N) 0.02238
RW(N) 0.00803
RR(NGA.M) - 0.01895
RW(NGAM) - 0.00781

Y-lMT @ 20 psi Y'200KT @ 20 psi

DR(FPG) - 30.61 DR(FPG) = 63.70
• DW(FPG) - 5.98 DW(FPG) - 12.44

"DT(FPG - 36.59 DT(FPG) - 76.15

DR(ASG) - 4.90 DR(ASG) = 46.75
DW(ASG) - 0.95 DW(ASG) - 9.08
DT(ASG) m 5.86 DT(ASG) - 55.83

DR(N) m 1.90 DR(N) = 59.32
DW(N) a 0.68 DW(N) , 21.28
DT(N) m 2.58 DT(N) = 80.60

DR(NGAM) - 1.61 DR(NGAM) - 50.23
DW(NGAM) - 0.66 DW(NGAM) - 20.70
DT (NGAM) 2.27 DT(NGAM) = 70.93

K DOSE(IN) - 47.31 DOSE(IN) = 283.53

,-. YIMT @ 30 psi Y-200KT @ 30 psi

"DR(FPG) - 81.16 DR(FPG) - 167.59

DW(FPG) - 15.86 DW(FPG) 32.75
DT(FPG) - 97.02 DT(FPG) - 200.35

DR(ASG) 23.37 DR(ASG) - 144.92
DW(ASG) - 4.54 DW(ASG) - 28.17
DT(ASG) - 27,91 DT(ASG) - 173.10

"DR(N) = 16.11 DR(I) - 235.05
DW(N) 5.78 DW(N) m 84.32

DT(N) = 21.89 DT(N) - 319.37

DR(NGAM) - 13.64 DR(NGAM) - 199.03
""DW(NGAM) 5.62 DW(NGAM) - 82.04

7 DT(NGAM) 19.27 DT(NGAM) - 281.07

DOSE(IN) - 166.12 DOSE(IN) - 973.90

2w



A-7

TABLE A.2 (b)

INR REDUCTION FACTORS AND INSIDE DOSES

14 IN SLAB Xs-168

RR(FPG) - 0.00493 RF(FPG) - 0.00574
RW(FPG) - 0.00081 RF(ASG) - 0.01887
RR(ASG) - 0.01530 RF(N) - 0.01923
RW(ASG) - 0.G0357 RF(NGAM) - 0.02131
RR(N) m 0.01424
RW(N) m 0.00498
RR(NGAM) - 0.01471
RW(NGAM) - 0,.G0660

Y-LMT @ 20 psi Y=200KT @ 20 psi

DR(FPG) - 18.11 DR(FPG) - 37.70
DW(FPG) - 2.99 DW(FPG) - 6.22
DT(FPG) - 21.10 DT(FPG) - 43.92

DR(ASG) - 3.21 DR(ASG) - - 30.60
DW(ASG) - 0.74 DW(ASG) - 7,14
DT(ASG) - 3.96 DT(ASG) - 37.74

DR(N) w 1.21 DR(N) - 37.75
DW(N) w 0.42 DW(N) , 13.21
DT(N) 1.63 DT(N) , 50.97

DR(NGAM) - 1.25 DR(NGAI4) - 38.98
DW(NGAM) - -0.56 DW(NGAM) - 17.50
DT(NGAM) - 1.81 DT(NGAM) - 56.49

DOSE(IN) - 28.51 DOSE(IN) - 189.13

Y-IMT @ 30 psi Y-200KT @ 30 psi

DR(FIG) - 48.18 DR(FPG) - 99.19
rW(FPG) - 7.95 DW(FPG) = 16.37
DT(FPG) - 56.14 DT(FPG) = 115.56

DR(ASG) - 15.30 DR(ASG) = 94.86
DW(ASG) - 3.57 DW(ASG) = 22.13
DT(ASG) - 18.87 DT(ASG) = 116.99

DR(N) a 10.25 DR(N) , 149.58
DW(N) a 3.59 DW(N) , 52.38
DT(N) a 13.84 DT(N) - 201.96

DR(NGAM) - 10.59 DR(NGAM) - 154.47
DW(NGAM) - 4.75 DW(NGAM) - 69.35
DT(NGAM) - 15.34 DT(NGAM) - 223.82

DOSE(IN) - 104.20 DOSE(TN) - 658.35



/'

A-8 tI

TABLE A.2 (c)

INR REDUCTION FACTORS AND INSIDE DOSES

16 IN SLAB Xs-192 psi

RR(FPG) - 0.00317 RF(FPG) - 0.00374
RW(FPG) - 0.00056 RF(ASG) - 0.01271
RR(ASG) - 0.01020 RF(N)N - 0.01242
RW (ASG) - 0.00251 RF(NGAM) - 0.01644
RR(N) m 0.00925
RW(N) 0.00316
RR(NGAM) - 0.01107
RW(NGAM) - 0.00537

Y-1MT @ 20 psi Y-200KT @ 20 psi

DR(FPG) = 11.65 DR(FPG) - 24.24
DW(FPG) - 2.09 DW(FPG) - 4.35
DT(FPG) - 13.74 DT(FPG) - 28.60

DR(ASG) - 2.14 DR(ASG) - 20.40
DW(ASG) - 0.52 DM(ASG) - 5.03
DT(ASG) - 2.67 DT(ASG) - 25.43

DR(N) a 0.78 DR(N) = 25.53
DW(N) 0.26 DW(N) a 8.38
DT(N) a 1.05 DT(N) a 32.92

DR(NGAM) - 0.94 DR(NGAM) - 29.34
DW(NGAM) - 0.45 DW(NGAM) - 14.24
DT(NGAM) - 1.39 DT(NGAM) - 43.58

DOSE(IN) - 18.86 DOSE(IN) - 130.54

Y-lMT @ 30 psi Y-200KT @ 30 psi

DR(FPG) - 30.89 DR(FPG) - 63.79
DW(FPG) - 5.55 DW(FPG) - 11.46
DT(FPG) - 36.44 DT(FPG) - 75.25

DR(ASG) - 10.20 DR(ASG) - 63.24
DW(ASG) - 2.51 DW(ASG) - 15.59
DT(ASG) - 12.71 DT(ASG) - 78.83

DR(N) - 6.66 DR(N) = 97.22
DW(N) a 2.27 W(N) w 33.21
DT(N) a 8.94 DT(N) - 130.44

DR(NGAM) - 7.97 DR(NGAM) - 116.26
DW(NGAM) - 3.87 DW(NGAM) - 56.44
DT(NCAM) - 11.84 DT(NGAM) - 172.71

DOSE(IN) - 69.94 DOSE(IN) - 457.24
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TABLE 2.A (d)

INR REDUCTION FACTORS AND INSIDE DOSES

18 IN SLAB Xs=216 psi

RR(FPG) - 0.00204 RF(FPG) - 0.00234
RW(FPG) - 0.00030 RF(ASG) - 0.00858
RR(ASG) - 0.00680 RF(N) - 0.00789
RW(ASG) - 0.00178 RF(NGAM) - 0.01206
RR(N) w 0.00590
RR(N) 0.00199
RR(NGAM) - 0.00765 *

RW(NGAM) - 0.00440

Y=1MT @ 20 psi Y=200KT @ 20 psi

DR(FPG) - 7.49 DR(FPG) - 15.60
DW(FPG) - 1.13 DW(FPG) - 2.36
DT(FPG) - 8.63 DT(FPG) - 17.96

DR(ASG) - 1.42 DR(ASG) - 13.60
DW(ASG) - 0.37 IM(ASG) - 3.57
DT(ASG) 1.80 DT(ASG) - '7.17

DR(N) 0.50 DR(N) - 15.63
DW(N) 0.16 DW(N) - 5.28
Dr(N) 0.67 DT(N) - 20.92

DR(NGAM) - 0.65 DR(NGAM) - 20.29
r•j(NGAM) - 0.37 DW(NGAMO - 11.67
DT(NGAM) - 1.02 DT(NGAM) - 31.97

DOSE(IN) - 12.13 DOSE(IN) - 88.03

Y-IMT @ 30 psi Y-200KT @ 30 psi

DR(FPG) - 19.87 DR(FPG) - 41.04
IW(FPG) - 3.01 DW(FPG) - 6.22
DT(FPG) - 22.89 DT(FPG) - 47.26

DR(ASG) - 6.80 DR(ASG) - 42.16
DW(ASG) - 1.78 DW(ASG) - 11.06
DT(ASG) - 8.58 DT(ASG) - 53.22

DR(N) 4.24 DR(N) - 61.96
DW(N) a 1.43 DW(N) - 20.95
DT(N) a 5.68 DT(N) - 82.92

DR(NGAM) - 5.51 DR(NGAM) - 80.41
DW(NGAM) - 3.17 DW(NGAM) - 46.26
DT(NGAM) - 8.68 DT(NGAM) - 126.67

DOSE(IN) - 45.84 DOSE(IN) - 310.09

V.
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TABLE 2.A (e)

INR REDUCTION FACTORS AND INSIDE DOSES

24 IN SLAB Xs=288 psi

RR(FPG) - 0.00102 RF(FPG) - 0.00110
RW(FPG) - 0.00008 RF(ASG - 0.00270
RR(ASG) - 0.00212 RF(N) " 0.00208
RW(ASG) - 0.00057 RF(NGAM) " 0.00413
RR(N) m 0.00157
RW(N) 0.00051
RR(NGAM) - 0.00256
IRW(NGAM) - 0. 00 14. 7

Y-IMT @ 20 psi Y-200KT @ 20 psi

DR(FPG) - 3.74 DR(FPG) - 7.80
DW(FPG) - 0.31 DW(FPG) - 0.65
DT(FPG) - 4.06 DT(FPG) - 8.45

DR(ASG) - 0.44 DR(ASG) - 4.25
DN(ASG) - 0.12 DW(ASG) - 1.15
DT(ASG) - 0.56 DT(ASG) - 5.40

DR(N) a 0.13 DR(N) - 4.17
DW(N) a 0.04 -W(Y a 1.35
DT(N) a 0.17 DT(N) a 5.53

DR(NGAM) - 0.21 DR(NGAM) - 6.79
DW(NGAM) - 0.13 DW(NGAM) - 4.16
DT(NGAM) - 0.35 DT(NGAM) - 10.95

DOSE(IN) - 5.15 DOSE(IN) - 30.35

Y-IMT @ 30 psi Y-200KT @ 30 psi

DR(FPG) - 9.93 DR(FG) - 20.52
DW(FPG) - 0.83 DW(FPG) - 1.71
DT(FPG) - 10.77 DT(FPG) - 22.24

DR(ASG) - 2.12 DR(ASG) - 13.17
DW(ASG) - 0.57 DW(ASG) - 3.57
DT(ASG) - 2.70 DT(ASG) - 16.74

DR(N) a 1.13 DR(N) a 16.56
DW(N) 0.36 DW(N) 0 5.36
DT(N) 0 1.50 Vr(N) a 21.92

DR(NGAM) - 1.84 DR(NGAM) - 26.93
lD(NGAN) - 1.13 IW(NGAM - 16.48
DT(NGAM) - 2.97 Dr(NGAM) - 43.42

DOSE(IN) - 17.95 DOSE(IN) - 104.33
I9
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APPENDIX B

STANDARDS FOR PUBLIC SHELTERS

FOREWORD
/L

Presented herein are standards relating to the design and construction

of public shelters and shelters in hospitals. Explanations and background

discussions relating to various provisions contained in the standards are

included in this foreword.

These standare3 are intended to serve as guides for the design and

construction of facilities that provide protection from the effects of

nuclear explosions. The standards may be applied to new or existing facil-

ities in both the public 4nd private sectors. If the standards are to be

a part of the requirements for buildings, then they must be adopted as a

part of the local or State building codes.

A standard establishes criteria to measure, test, compare, or judge

characteristics of building design and construction, such as capacity,

quantity, context, extent, value, quality, durability, and capability.

The purpose of a building code. is to safeguard the life, health, and

general welfare of all occupants of a building and those near the building.

The tarm building code means collectively all laws regulating the design

and construction of a building, including all auxiliary components such

as electrical wiring, mechanical equipment, and plumbing.

A building code contains a number of standards which cover the various

materials, systems, assemblies, and design procedures that are allowed.

Generally, a standard is included in a building code either as a part of

ite text or by reference, and thereby becomes a part of the code.

A worthy objective is that these standards for shelters become part

of the nationally recognized model building codes, as well as local and

State-adopted building codes. To that purpose, the standards are presented

in a format that will permit the model code organizations and local and

State governments to include them in their codes through adoption by

reference.

fr.
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The provisions of these standards address only those aspects of building

design and construction that are unique to providing habitable space protected

from the effects of nuclear weapons. Design and construction aspects of a

conventional nature must comply with the provisions of local or State-adopted

building codes.

The standards presented herein are minimum and do not preclude the designer

from exceeding the requirements, except as may cause non-compliance with other

requirements for the space that may be prescribed in other applicable codes.

The Federal Emergency Management Agency (FEMA) is charged with safe-

guarding the Nation's resources of life, property, and industry from enemy

attack and other wartime hazards as well as peacetime manmade and natural hazards

that also create potential risks to the population, industry, and general

economy of the Nation. FEMA is pursuing an integrated approach to mitigation,

protection, response and recovery from a wide spectrum of hazards. The shelter

standards presented herein are just one component-albeit an important one--

among the several components of an Integrated Emergency Management System.

STANDARDS

Purpose

Section 1.1. The purpose of these standards is to establish minimum

criteria for application to the design, construction, or dcsignation of a space

"in a building or other facility as (a) a shelter to resist all nuclear weapon

effects, (b) a dhelter against fallout radiation only, and (c) shelter in

hospitals.

Scope

Section 2.0. The scope of these standards extends to buildings, spaces,

or other facilities designated for use as 7ublic shelters or hospital shelters.

Section 2.1 These standards establish technical, architectural, and

environmental criteria for public shelters and hospital shelters.

Section 2.2. Some criteria in these standards apply equally to all-

effects shelter, to fallout shelter, and to either type of shelter in hospitals.

Where criteria differ, they are specified for each type.
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General

Section 3.0 The standards furnish minimum criteria that provide for

the protection of occupants from anticipated weapons effects in spaces whose

habitability and environmental characteristics are governed by the emergency

situation, the essential lifesaving purpose of the shelter, and the need to maintain

austere medical care in hospital shelters.

Section 3.1. The standards indicate objectives to be met in the design

and designation of shelter3 in new and existing buildings.

Section 3.2 These standards are minimum standzrds. Nothing contained

herein shall be construed to preclude exceeding the criteria for any shelter,

except as may cause non-compliance with other requirements for the shelter space

that may be prescribed in local building codes.
Definitions

p

Section 4.0. The following definitions shall apply to all portions of

these standards:

ALL-EFFECTS SHELTER is any room, structure, or 3pace designated as such

and providing its occupants with (1) fallout protection at a minimum protection

factor of 100; (2) structural integrity under a design blast overpressure of

30 psi from a I MT surface burst; (3) protection against initial nuclear radia-

tion (INR) so as to limit exposure Io 200 rem from the INR at 30 psi blast

overpressure for a 1 MT surface burst; (4) protection against a thermal pulse
2of 1200 cal/cm

BLAST OVERPRESSURE is the sharp increase in air pressure in the shock

wave produced by a nuclear explosion.

DUAL-USE SHELTER is r. space having a normal, routine use and occupancy

as well as an emergency use as a shelter.

EFFECTIVE TEMPERATURE is an empirical index that combines in a single

number the effects of temperatuce, humidity, and air movement on the senbation

of heat and cold felt by the human body.

ELECTROMAGNETIC PULSE (EMP) is the sharp spike of long wavelength electro-

magnetic radiation produced by a nuclear explosion. Although not injurious

to people, EMP can damage unprotected electrical and electronic equipment.

/0
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FALLOUT SHELTER is any room, structure, or space designated as such and

providing its occupants with protection at a minimum protection factor of 100

from fallout radiation resulting from a nuclear explosion.

"INITIAL NUCLEAR RA.DIATION (INR) is the radiation emitted from the nuclear

explosive reaction and the resulting residue within the first minute after
a nuclear explosion. It consists of neutrons and gama rays emitted almost

instanteously as well as gamma rays emitted by the fisston products in the

rising cloud.

MEGATON is the size of a nuclear explosion equivalent to that of one

million tons of TNT.

"PROTECTION FACTOR (PF) is a numerical value that expresses the relation

between the amount of fallout radiation that would be received in a protected

location and the amount that would be received if unprotected.

"SINGLE-PURPOSE SHELTER i3 a space having no use or occupancy except as
*. a shelter.

UNIT OF EGRESS WIDTH is 22 inches.

*' Occupancy

"Section 5.0. General. Nothing in this standard shall be construed as
"'" prventing the dual use or multiple use of normal occupancy space as all-

effects or fallout shelter, providing the minimum requirements of each are

met.

Section 5.1. Mixed Occupancy. The occupancy classification shall be

determined by the normal use of a building or space. When a normal-usd space

is designed to have an emergency use as a shelter in addition to the normal

'use, the most restrictive requirements for all such uses *hall be met.

Section 5.2. Occupancy Separation. That portior. of a building or other

facility designed to provide all-effects shelter will be separated from the

remainder of the structure by the presence of blast-resistant boundaries and

l• doors that must be closed to achieve the protection. No occupancy separation

"" is required between that portion of the space designed as fallout shelter and

the remainder of the building. A plan indicating the fallout shelter space

* and its boundaries shall be furnished as a means of identifying the fallout

shelter.
.'4
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Section 5.3. Space. Space allowances for use as public shelter and

hospital shelter shall be as follows:

(a) Floor Area. A minimum of 10 sq. ft. of net floor area per occupant

shall be provided in public shelters. A minimum of 35 sq. ft. of net floor

area, based on nominal bed capacity, shall be provided per patient in hospitala,

reserved exclusively for patient use, as contrasted with staff or public use.

A minimum of 1j sq. ft. of net floor area sball be prov±ded per hospital staff

member engaged in patient care. Staff space shall be separated from public

shelter cpace by partitions or other physical barrier. Partitions, columns,

areas occupied by moveable furniture or other materials within the shelter

space, and areas used for storage of consumable shelter supplies may be included

in net floor area. However, areas occuped by fixed equipment, such as emer-

gency generators, may not be included in net area calculations.

(b) Head Roow. A minimum head room of 6.5 feet shall be provided.

(c) Volume. A minimum of 65 cubic feet of net volume shall be

provided per occupant in public shelters. New volume shall be determined usiag

the net area calculated for the space.

Section 5.4 Period of Occupancy. Public and hospital shelters shall

be designed to permit occupants to remain sheltered for a minimum of 14 days

without egress.

Section 5.5. Number of Occupants. Shelter space shall be provided for

at least the anticipated normal occupants or 10 percent of the volume of the

structure, whichever is larger. In no case shall the shelter provide for less

than 50 persons.

Protection

Section 6.0 General. The minimum level of protection for public and

hospital fallout shelters shall be as prescribed in Section 6.1. The minimum

level of protection for public and hospital all-effects shelters shall be as

prescribed in Sections 6.1, 6.2, 6.3, and 6.4.

Section 6.1. Fallout Radiation. Protection from fallout radiation at

a minimum protection factor (PF) of 1N0. Protection factors shall be calculated

using methods approved by the Federal Emergency Management Agency based upon
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publication TR-20 (Volume 1) Shelter Design and Analysis - ?allout Radiation

Shielding, June 1976 edition and TR-20 (Volume 2) Shelter Design and Analysis

- Protection Factor Estimator With Instructions, February 1976 edition.

Section 6.2. Blast Overpressure. Structural integrity to resist a design

overpressure of 30 psi from a 1 MT surface burst. Calculational methods for

I blast protection shall be based on TR-20 (Volume 4) Protective Construction,

May 1977 or later edition. Closures shall have equivalent resistance.

"Section 6.3. Initial Nuclear Radiation. The floor slab above the shelter

area and any exposed wall areas shall be a minimum of 14 inches of reinforced

concrete. Door and ventilation cienings shall be baffled to provide equivalent

protection. Other openings shall not constitute more than 0.01 percent of

the net floor area.

j Section 6.4 Thermal Radiation and Fire. Shelters designed in accordance

with the criteria in Sections 6.2 and 6.3 are more than adequate to protect

against the thermal pulse and transmission of heat from fires outside the shelter

area. Ventilation closures prescribed in Section 7.5 shall be located 'to permit

g the shelter to be closed off teqporarily in the event of the presence of combus-

tion gases.

1Ventilation and Temperature

Section 7.0. Ventilation. Ventilation of the shelter space shall comply

I with the standards contained in TR-20 (Volume 3), Shelter Environmental Support

Systems, May 1978 edition, available from the Federal Emergency Management

*• Agwncy.

Section 7.1. Fresh Air. A minimum o& 3 cu. ft. of fresh air per minute

per occupant shall be provided in public shelters to avoid oxygen depletion

Sand carbon dioxide buildup. A minimum of 7 cu. ft. per minute per occupant

shall be provided in hospital shelters.

Section 7.2. Effective Temperature. Public shelters shall have a venti-
lation rate sufficient to maintain a daily average effective temperature oi

not more thau 82*F (28*C) with at least a 90 percent reliability of not exceed-

"* ing that value during the year. Effective tesperatures shall be determined
i using procedures contained in Handbook of Fundamentals, 1977 edition or later,

". prepared by the American Society of Heating. Refrigerating, and Air-Conditioning
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Engineers, Inc. (ASHRAE). Zones of equal ventilation rates in cubic feet of

air per minute that meet the requirements of this section are shown in Figure

B.I. The ventilation rate in hospital shelters shall be sufficient to maintain

a daily average effective temperature of not more than 70*F (21 0 C) with at

least a 90-percent reliability of not exceeding that value during the year.

Section 7.3. Ventilation Systems. Ventilation systems for public and

hospital shelters shall be designed to provide the prescribed fresh air and

temperature conditions during periods when commercial clectric power may not

." be available.

Section 7.4. Minimum Temperature. A temperature in hospital shelters

of not less than 65*F (18C) shall be maintained during the occupancy period.

In public shelters, a temperature of not less than 50*F (10*C) shall be main-

tained during the occupancy period.

Section 7.5. Air Intake and Exhaust. In all shelters, the air intake

openings shall be positioned not less than 2 feet above any surface on which

radioactive fallout could be deposited and the opening shall be hooded or

positioned to prevent deposits of radioactive fallout on the intake face.

Additionally, in all-effects shelters, the exposed air intake and exhaust

structures shall be destgned to resist the blast overpreasure and shall be

fitted with closures capable of being closed both manually and by pressure-

sensitive mechanism.

Section 7.6 Filters. Special filters are not required for ventilation

of public shelters or hospital shelters other than those prescribed by other

"building regulations. Standard dust filters shall be provided if the face

velocity across the outside air intake is greater than 150 feet per minute.
I

Section 7.7. Recirculated Air. Air shall not be recirculated from wards,

treatment rooms, toilets or other areas that could contaminate the air supply

in hospital shelters.

Lighting

* Section 8.0. Public Shelters. Emergency lighting is required in public

shelters to provide a minimum lighting level of 2 footcandles at the floor.

Section 8.1. Hospital Shelters. Lighting shall be provided in hospital
shelters as prescribed below:
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(a) A minimum lighting level of 100 footcandles in treatment rooms

at treatment table height.

(b) A minimum lighting level of 25 footcandles at desk height in

patient areas.

(c) A minimum lighting level of 2 footcandles at the floor in all

other areas.

EmergencZ Electric Power Supply

Section 9.0. General. Standby emergency electric power is necessary

to operate the emergency lighting and ventilation equipment for shelter occupants

"should commercial electric power not be available during shelter occupancy.

.d Section 9.1. Disconnects and Switching. Disconnecting devices and

appropriate switching gear shall be provided to direct the emergency supplyq of power to the ventilation equipment and emergency lighting needed in the

shelter area only.

Section 9.2. Fuel Supply. Emergency engine generators shall include

a storage tank having a minimum fuel supply capacity sufficient for at least

"14 days of continuous operation of the equipment. In all-effects shelters,
* ,the fuel storage tank and its piping to the emergency generator shall be designed

to remain operable under the blast overpressure protection criterion.

Section 9.3. Shielding cf Equipment. The emergency generator, together

with its controls and distribution panels shall be located in an area having

protection maeting the minimum standards for all-effects or fallout shelters.

Access to the generator space also must meet the same protective criteria.

All electrical equipment, including lighting circuits, shall be protected against
the electromagnetic palse (EMP) in accordance with the guidance contained in

the current edition of FlMA's Electromagnetic Pulse Technical Manual.

Section 9.4. Power Outlets. Appropriate power outlets for emergency

"* power circuits shall be provided in the shelter area to operate emergency

.- ventilation equipment and lighting.

Section 9.5. Venting. Emergency engine generators shall have separate
vents exhasixtg fumes outside the structure and shall be heat-isolated from
areas used by shelter occupants. In all-effects shelters, equipment openings

C,
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(e.g., outside air intakes, exhausts, or vents) shall be equipped with closures

to prevent blast overpressures from entering the shelter area.

Section 9.6. Isolation. The emergency generator shall be isolated from

the shel.er area to minimize noise levels to the habitable area of the shelter.

Toxic fumes and heat shall be vented to the outside.

Section 9.7. Ground shock. In all-effects shelters, the emergency

generator shall be shock mounted. Electric and fuel conduits to the generator

shall be flexible and shock isolated against ground movement.

Blast Doors (Applicable to All-Effects Shelter Only)

Section 10.0. All exterior entryways and exits must be protected by

blast doors designed to withstand the requirements of this Standard. The atti-

tude of the blast door may be in a horizontal Plane, a vertical plaae, or an

inclined plane. Blast doors may be hinged or sliding.

Section 10.1. For blast doors with hinges, provision must be made for

the relief of the hinges from the blast loading.

Section 10.2. Blast doors shall be designed to withstand rebound during

the negative pressure phase of Lhe blast loading by providing appropriate

interior lazches. Latcheq wiMU be manual and operable from both sides.

Section 10.3 Blast doors shall be designed so that if plastic deformation

takes place, it will not cause Jamming of the door thereby preventiug it from

being opened or closed properly.

Section 10.4. The shelter walls housing the blast door shall be designed

so that they will. withstand door thrust loading and Yot fail prior to failure

of the blast door.

Section 10.5. Blast doors, if hinged, shall be designed to open outward

and be easily moved by one person.

Shock Mounting of Shelter Components (Applicable to All-Effects Shelter Only)

Section 11.0. All components, hardware, equipment, storage tanks,

cabinets, toilets, ducts, pipes, brackets, etc., installed in or attached to 'F

the walls, ceilings or floors of the all-effects shelter area shall be mounted

so as to be capable of withstanding the ground shock resulting from the design

loading specified in Section 6.2 of this standard.
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Section 11.1. Shock isolation for shelter occupants is not a design

requirement.

Access and Egress

Section 12.0. Public shelters shall have no fewer than two widely

separated means of access and egress leading to other spaces of the building

or directly to the outdoors. In all-effects shelters, at least one means of

egress shall be a tunnel to an emergency escape hatch located at least 40 feet

from the structure.

Section 12.1. Means of access and egress for dual use shelter space

shall meet the requirements prescribed by local building codes for normal,

routine use of space.

Section 12.2. Means of access and egress for single purpose shelters

shall aggregate at least one unit of egress width for every 200 shelter

occupants. In no case shall a single opening be less than 24 inches wide.

Section 12.3. Emergency-type hatchways may be used as a means of access

and egress. provided that at least one means of access ar.d egress for the shelter

is a standard opening conforming to the requirements of the local building

code. Hatchways, if used. shall be a minimum size of 24 inches x 36 inches.

Section 12.4. One or more means of access and egress to a hospital

shelter space shall be at least 40 inches wide to permit passage of hospital

beds.

Structure Siting

Section 13.0. Structural design of the shelter area shall comply with

these standards and local building codes.

Section 13.1. Shelters to resist all nuclear weapons effects shall be

placed in bascemnt areas only and not abovegrade. In building sites with high

water table, subsurface rock or expansive soil conditions, all-effects shelters

may be located on the lowest aboveground story provided the story is buried

by architectural earth berms of compacted fill having a slope of one vertical

to at least three horizontal.

IF



Fire Resistance

Section 14.0. Shelters shall meet fire safety requirements as indicated

below.

(a) Dual use shelters shall comply with requirements applicable for

normal occupancy of the space.

(b) Single purpose shelters shall provide a flame-spread rating for

interior surfaces not exceeding 200 on the flame spread scale

and 450 or less on the sainke test scale when tested in accor-

dance with ASTM E-84.

Hazards

Section 15.0. Hazardous utility lines, such as steam, gas, and oil lines,

shfll not be located in or near the shelter area unless provision is made to

control such lines by valving or other means which permit shut-off of flow

through the shelter area. Valving or 'ther controls shall be readily accessible

from the shelter area and shall conform with local mechanical and gas building

codes.

Sanitation

Section 16.0. Chemical type toilets on the basis of one toilet per 50

shelter occupants shall be provided in the shelter area. (Normal flush type

toilets are not likely to be operable during the emergency period because of

inadequate water.)

Section 16.1. Dry chemicals and water will be used for charging the

toilets each time they are emptied. A two week supply of chemicals and water

(or other charging agent) will be required for storage in the shelter area.

Sewage shall be ejected to a storage tank outside the shelter area.

Drinking Water

Section 17.0. Water containers (flexible or fixed shape) shall be provided

capable of storing at least 7 gallons of potable water for each shelter

occupant.

Section 17.1 The shelter area shall be equipped with stored water con-

tainers to be filled during an emergency period. One or more water outlets

shall be located in the shelter area to facilitate filling of water containers.
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Food and Other Supplies

Section 18.0. Consideration shall be given to locations for storage

of food and medical supplies but provision of such supplies is not .equired.

", /
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•- APPENDIZ C

ENGINEERING ASPECTS

By H. L. Aurphy*

This appendix covers four engineering support tasks needed to provide the

overall project with several items of specific ;nformation/data. The work is

S.discussed below in sumuary terms.

UPDATING ESTIMATED COSTS
I.-.• OF COMBINED EFFECTS SLANTING CASE STUDY BUILDINGS

The first task was the updating, through revised Engineering News-Record

(EN-I) Indexes, of the case study costs in Chapter 8 of the basic/research

Combined Nuclear Eff:•ts, or Full, Slanting guidance, Reference 3. The EN-R

Building Cost I2dex (BCI) values for 9/83 and for 3/85 are 2430 and 2428 (1913-

100), respectively. The 1913-100 values were used for calculations because

.. they are the oldest ones in our work, and are larger values (than 1967-100)

with which to work.

* Using Table 8.OA, p. 8-69, and its Addendum, p. 8-70: the Table's "Jan.

68" line (SCI-692) of unit costs ($/sf) can be multiplied by the ratio 2428/692

or 3.50867052* to produce a new bottom line, Mar. 85, of estimated unit costs. 3

The sa&e thing can be done to Tables 8.OD and E, p. 8-103 and -105, resulting

in the following table, which shows Her. 85 estimated unit costs for 15, 20,

"and 30 psi blast protective spaces.

It should be noted that the project study considers only closed shelters.

Hence, only the cost data in the following table for buildings 2A, 3A with

and without mezzanine, and 4A are reflected in Section III of the project

report. Building 4A was conceived as an open shelter but the results of the

second support task indicate little if any cost change for a closed version

at 15 and 20 psi overpressure.

-J

(M) Consulting Enaineer, 1. L. Murphy Associates, Box 1727, San Mateo, CA 944C1

* , (I) Decimal places are for calculational understanding, not to imply accuracy.

I
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BUILDING 1 M MSI 2O

2A (closed) 21.19 22.67 27.72 $1sf

2B (open part) 18.60 23.96

" (closed part) 24.35 29.02
"J" (total) 20.49 25.54

2C (open) 27.51

3A (ilosed)
" w/mezzanine 17.37 18.74 23.09

no mezzanine 18.42 20.21 25.54

4A (open) 17.12 19.40

(Reference 3 hss information on cost estimating on other pages: 6-19 thru

6-20A.9, 6-42, and many charts like (and folloving) the one on p. 6-45.)

ESTIMATED COST OF LIGHT-VEHICLE DOOR FOR UNDERGROUND PARKING GARAGE

The second support task was to prepare a preliminary estimate cost of a

light-vehicle door for an underground parking garage. Bldg 4A from the

slanting guidance in Reference 3 was selected for use, but with the

stipulation that the door be a general one for the purpose, rather than cne

taking specific advantage of that particular building, e.g., of its many ramp

turns as related to INR protection.

Door design veapons effects inputs: 14 in. thick reinforced concrete

(R/C) (dictated for INK protection in any exposed horizontal or vertical

surface, ignoring building superstructure as a shield); 1 MT (contact) surface

burst; peak free-field overpressures, pso - 15, 20, and 30 psi. These effects

man:

Ps - Pr (peak reflected blast overpressure),Eq. 3 .50. 2 ; or 5,9q.3.56.2

to a 1.55, 1.38, and 1.15 sec. (positive phase duration)3 ,P-2" 2 3rode curves

too (calculated as needed) 6 ,p. 3 "M /5

Door design parameters: Issentially a one-way K/C slab used as a wall

section, with main rebars runnint borisontally azd no loads in the slab plane,

vas selected for consideration. This eliminates the need for building supports

at top and bottom of door, insteed drawing support from vertical (door end)

supports from building interior valls that must be strengthened to act as shear

valls (or "inside" buttresses, to coin a usage) and carry all loads down to

strengthened foundations.
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t - 14 in. (door thickness)

d - 12.5 in.

d' -1.5 in.

b - I in.

L - 120 in. (clear span)

"Pu 0 (neglecting door weight; negligible effect relative to cotal loads)

p - 1 (Reference 3, p. 6 - 8 4 , par& #1. lines 3-6)

p - 11 to 2Z (usual upper and lower limits, for ductility, etc.) 3

p -- p (for full rebound, and negative blast, protection)

fdy " 1.25 fy - 72,000 psi (ASTm A615, Grade 60 reinforcing steel)

s- 29,000,000 psi
fm

Sdc 1.25 fc (for 3,000 and 5,000 psi concrete)

Entry parameters: Ramp width and doorvay height, 12 ft and 10.5 ft,

respectively, giving a door width of 12 ft (clear span 10 ft) and door height

of 8 ft (clear height 7-1/3 to 7-1/2 ft).

Design procedure used was that for interior walls 3 ,P"G- 53 , Steps 1-7, 9,

and 10. Step 5 is discussed briefly in the paragraph where "interior walls" is

underlined; this design does indeed fall under Case 2 of Table 6.6 (p.6-88)

because this case is for use where the (main) tension steel goes into the

plastic range before the compression steel. Steps 6 and 9 use Eq.6-4, p.6-33.

In Step 10, pA - Pr rather than P80.

After one trial design (using calculator), a computer program was written,

checked against the trial design and the first numerical example in Reference

3, then used to obtain the following design values:
P.,

Pso 15 20 30 psi

Pr 40.73 45.73 55.73 psi

too .7104 .6152 .5023 sec

For f; - 3,000 (beta1 - 0.85):

p .0145 .0163 .0200

For f' - 5.000 (betai - 0.80):

.. .0142 .0160 .0197

P..!

P .pI!
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Cost Estimate: Forms reused to use successive pours for the four doors;

plywood sheets, treated, on ground; pours are essentially one-way slabs, lifted

into place after 28 days; cost estimate items (per door) as follows:

Ready-mix concrete: 14" x 12' x 7"6" - 3.9 cy S/door REF.7

less rebars vol. - 3.8 cy @$51 & 57,use 54M(matls only)$ 205 p. 8 0

Forms, edge, 7"to 12"high,4-use,on grade@$2.59!sf contact p.71

area;for 14"use $3,incl.plywd,(2(7.5+12)(14/12)/4($3)) 34

Placing @$7.20/cy x 3.9 cy 28 p. 8 5

Curing, say, 10 p. 8 2

Finish, broom/trowel @$.40/sf (7.5 x 12) 36

SUBTOTAL, concrete $ 313

Reinf. stl: L 20 30 psi

Main rebars: 2A=2pbd=2p(7.5x12)12.5-2250p sq. in,

Wt.w2250p/l(12)(490)-91875p lbs. (Use p's for 3000# conc.,table above)

1332 1498 1838 (Lbs.@$995/ton; slab on p.77

(add 15Zteup&web)$ 762 857 1052 grade #3 to #7)

Xtra,web bendingsay 100 100 1

SUITOTAL,reinf.stl$ 862 957 1152

Carriageftracks (str.stl.) 4 Misc.

Str.stl; I -ugles,8"x6"xi",44.2 plf ea.@12',1061#/door 8 ,p.1- 4 2

2 W6"4"x7/8",27.2 plf ea.@24',1306 " " " "

Total stl: 2367# @($3 6 0+54(del'y)+26(paint)+10ZO&P)/ton $ 573 p.392

Wheels (lilluan Equip.Co.,Inc.,Flat-Top Rollers,Model 2-R, see Figure C.1)

Capacity 3-3/4 tons *a.; 6 ea.@$137.20 - 823

Misc. welding of angles,rebars,etc., say, 300

Moving doors, say, 100

SUBTOTAL, str.stl.& Misc. $ 1796

SUMMARY: 11 M j psi

Concrete subtotal $ 313 313 313

ieinf.stl. $ 862 957 1152

Str.stl.Amisc. U U 17L6

TOTAL, $/door $ 2971 3066 3261

Cost comparisons: Overly Doors quoted (8/84) $110,000 for a 9-ton door

(approx. same as door above), frame, track, trolley, electric operation,

freight and tax (to resist 1.000 psi dynamic, to - 0.4 Assc.). A WES report 9

states that "Izisting comercially available doors, capable of withstanding 50
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to 150 psi, rauge in price from about $5,000 to $51,000 each, while reinforced-

concrete blast doors could be built for about $1,000 each, or $900 each if

purchased in lots of 20 or more.". An Operation PlumbboD (1957) summary

report 1 1 describes a R/C door, 4-1/2 ft thick, tested in an undezlround

garage; cost recollection (not found in report summary), $60,000.

INR protection in doors: Not included above, in either design or costs

section, is one low-cost item: Reference 14 revealed the need for neutron- 9
g & shielding using a combination of steel plate and Masonite (without the

combination, the door shielding, for example, would require 14" thick steel to

replace the 14" thick R/C because of differences in neutron shielding capabiii-

lity); thus, the 2" thick structural steel, in the channels supporting each

door on1 its tracks, would have to be augmented by Masonite, and perhaps more

sheet steel, to meet the additional INR shielding required; the materials needs

are not yet calculated. Reference 18 may be useful in this matter.

Door concepts (re those d-.signed and estimated above): Doors, and both

indoor and outdoor ramps, should have many "p&d-eyes" or "tie-dovns" for use in

moving/anchoring the doors; this work can be done by hand using 3 "Come-A-Long

Pull/Hoist" (as in Sears Craftsman line) or "2-ton Power Winch Puller" (that

"Power" is muscle powerl). Each door should have, on the building, a 24-ft

long channel (steel, or i/C equivalent) to anchor the top edge of each door

against the (negative) blast wave; in the closed position, building clearance

for the door should be such that some wood members, perhaps "2-by" thick, could

be used to seal the door against blast entry by using the Come-A-Longs inside

the building, one at each and of the door, to draw the door tight against the

2-by's.

Slanting cost increase factors: The wall behind each door in its open

position would have to be full-slanted for Pr, not just pgo; more concrete and

reinforcing steel would be nteded. Ramp wing walls would have to be

strengthened to serve as shear walls (mentioned earlier) to carry the door

loadings down to additional foundation capacity; additional reinforcing steel

would be needed, probably also more concrete. Nonetheless, it appears that

costs of design changer to make Bldg 4A (or any similar large belowground

parking facility) a closed shelter rather than an open one vould be quite

minor compared to the overall slanting costs shown in the tables on page C-2

for 15 and 20 psi design overpressures.
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COMMENTS ON FULL SUITING GUIDANCE FOI SMALL CLOSURES

AND ON SURVIVABILITY OF VEUTLATION SYSTEMS

The third task was to review existing slanting guidance, 3 then augment it

as appropriate, on: (a) closures for small openings into a closed shelter;

and, (b) survivability of ventilation systems.

Closures

One wood and two steel blast door schemes are introduced and illustrated

by pages 8-2 (last sentence) end 8-7 (Fig. 8-01), respectively, of Reference 3,

which includes other pertinent items: Fig. 8-01 is discussed on page 8-109,

where mention is also made of two stipulations pertinent to this sumary, the

first and sixth on page 1-3. Table L.OG (page 8-110) gives considerable data

on designs, blast-resistant capacity, and costs, for 10 steel doors (4 guillo-

tine and 6 hinged) and 8 wood doors (hinged, metfl-clad). Table 8-OG costs can

be updated, at least opproximately, from its costs at origin, June 1970 costs

for San Francisco area, to March 1985 for the "20-cities average," both as used

* by EN-R; the multiplier is 2.833 (2428/857), using sources and data mentioned

in the first task report above, relative to EN-I, etc.

U Both steel door designs, guillotine and hinged, use steel plate and

stiffeners (angles) for &ore economy in material than if heavier steel plate

alone were used; however, if both NT and KT weapons must be considered, design

in solid plate (augmented by Masonite or other wood) would be better (see para-

grapb "IN& protection in doors: ... " in the precedizq (second) task report).

Simplified design procedures for closure panels are available in Reference

10 for plywood (p.25 and App.A3), wood (p.26 and App.Bl), and steel plate (p.27

and App.Dl, especially pages D1-9 thru -13). The latter pages were used ti

17 prepare the table below. Fo,. guillotine (steel plate unreinforced) door costs,

"it is suggested that $50/sf (of opening) for 1/4" plate be used (deduct and add

201 for 1/8" and 3/8", respectively), which is intended to allow for the cost

of the support area plate steel along the four edges, and for the generally

smaller sixes than perhaps was contemplated in Table 8.CG (the author hastens

to add that these cost figures are very rough, due to no project time, and

should be researched, even a little, if used on any significant project overall

costs).

6P
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Opening Clear Spans are L1 and Ls; use latter on Fig. DI-1.

Steel Plate Thickness vs. pdz (=pso):

Ll/Ls= 1 1.5 2 >2 (used 2.2)

Plate th.

Size:6x6 6x9 6x12 6xi3.2 in.

1/8" 102 72 60 34 psi (34.0)

Size: W S.1.5 9x18 9x19.8

1/8" 45 32 27 15 (15.0)

1/4" >150 >106 >88 >50 (50+)

Size: 12x12 12x48 12x24 12x26.4

1/8" 26 18 15 9 (8.5)

1/4" 104 73 61 35 (34.5)
Size: 18xl$ 18x27 18x36 18x39.6

1/8" 12 8 7 4 (3.9)

1/4" 46 32 27 15 (15.3)

3/8" 104 73 61 35 (34,5)

The above table demonstrates use of one-way steel plate design values ot

Pdm, in the right side column (headed ">2"), as read directly from Fig. DI-1

for each of the plates short-side span: 6", 9", 12", and 18" (the "as-read"

values, including interpolation efforts, are actually those shown in paren-

theses at the end of each row). From this column of pdm values, all oi the

other values in the rows are calculated, using the factors (multipliers) for

two-way plates, as shovn on the lower half of page DI-10. 3 For example, using

the first row of our table above, the right end figure, 34.0 psi, was multi-

plied by 3 (factor for L1 / La a 1) to get the pda w 102 for a 6x6 plate.

Further, the above table is based on use of ASTM A7, A36, A373, or A529

cerbon steel. Correction factors for High-Strength Steels are shown on p. Dl-

10.3 For example, for ASTH A242 steel the correction factor is 1.149, meaning

that for this steel all pda values in the table above would be multiplied by

1.149 (or would be increased by 14.9Z).

Ventilation Svvteus Survivgbilitv

An excellent briefing for discussing this subject is contained in Refer-

ence 3, Appendix 1.1 (by I. C. Allen), pages 8.1-11 and -12. The subject is

extremely important as related to aorsal-use building design, because venti-

lation ducts use large openings through the cover slab over the basement,
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thereby adversely affecting 75asement use as a protective shelter. The air

blast overpressure levels contemplated under this project are such that the

floor above the shelter would be swept clear of everything, including ventila-

tion ducts, nnd the air blast would then penetrate the shelter space through

the vent duct openings.

Like so many matters in combined nuclear effects slanting of a new

basement, shelter requirements that are thought of at the building's design

stage can be met less expensively than by later upgrading of the building.

Emergency power supply, at least part of it, should be located on the basement

level, and protected, not necessarily by an enclosed space but perhaps in a

nearby steel-grating-covered box struct.re with top at grade (high survivabil-

ity of such protection was demonstrated in a nuclear field teat. Operation

Plumbbob, Priscilla Shot, 1957). Basement ventilation must start with pro-

tected air intake4/exhausts, which can come from emergency enit/fresh air

intake or exhaust structures, such as considered for Building 4A of Reference

3, p. 8-89 thru -91; estimated costs are shown in-Table 8.4A, p. 8-81&2, items

5-7. Air supply ducts can be run along a basement wall (preferably a long-aide

wall) to sweep fresh air across the shelter into exhaust ducts on the opposite

wall. Both intake and exhaust ducts require blast closures, as discussed

above, either automatically- or hand-closed.

For the ventilation ducts penetrating the shelter cover slab, such

closures are also required. The following discussion assumes use of vent ducts

that are rectangular in cross-section, as they are usually. One method would

be to provide a closure on the top of the cover slab, with the duct opening

properly strengthened to t-ke the blast closure device, and with the closure's

air blast load transmitted to the cover slab and further support structure

system. A steel plate closure fabricated to slide along tne floor surface, as

illustrated3 for a vertical closure on the guillotine door of p.8-7 might be

used, but such an arrangement i, likely to be clumsy, and takes up floor area

alongside the veat duct. If the vent duct and opening is built a little over-

size, vith enough room inside for a steel plate closure door, the door can be

hinged to one of the long-side steel angles that frames the vent duct opening.

A little space (on the hinge side) is needed to have the steel plate lean

sligbtly against the inside of the vent duct, thus using gravity to hold the

blast closure in a norsally-open position. Manual closure would be by ralling

a light chain running from the top edge of the blast closure, downward and to
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the opposite side of the vent, exiting into the basement shelter space, from

which the closure would be pulled to horizontal, being held closed by seve:al

heavy catches welded to the steel angle frame suppcrting the blast closure. A

vent duct inspection slide should be located above the cover slab, on the side

opposite the blast closure door hinges; the inspection slide would serve its

obvious maintenance/inspection purpose, as well as for reopening the closed

blast door. Design of the steel plate blast closure is as discussed above;

design in wood or plywocd is no more difficult, but steel plate is probably the

better material for such use.

In summary, it'a best to reduce, or eliminate, openings in the basement

cover slab, e.g., Lave elevators located on the outer face of the building and

entry stairs likewise. But if this is unacceptable to the building's normal-

use, resort must be had to blast closure devices. For the latter, manual oper-

ation is urged, both for lower costs and for dependability over time with

lit:ie or no mai.ntenance needed; automatic closures are expensive both origi-

nally and to maintain (if that gets done at all).

COMMENTS ON EXISTING COMBINED EFFECTS SLANTING GUIDANCE

RESOURCE MATERIAL
3

The final support task was to prepare comments on the existing combined

nuclear effects slanting guidance 3 resource matezial in terms of its adequacy,

currency, and shortcomings, including recommendations for its improvement and

general revision. The following comments apply to Reference 3 unless otherwise

indicated:

Problem Areas might be restated as follows:

R/C is best material, considering strength and shielding, but worst to

upgrade in such things as support system for beam/slab cover over basement

shelter, under present design procedures, that is.

Present Slanting approach has these shortcomings:

Too conservative - in terms of estimated blast resistance level;

Too costly - in both design and construction;

Too few things deterable - beyond original construction;

Too difficult to strengthen to a higher blast protection level;

Provides no probability distribution of blast protection level;

Too expensive to traia civil/structural engineers in design use;

(Lacks public understanding, even in technical circles.)
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Above summary of the problem areas was adapted from References 12 and 13,

specifically from a section on "Problems With Present Slanting Approach" of

Reference 12 (unpublished, copyrighted, used ,'.th permission).

A remedy is offered for all of the above Full Slanting shortcomings: that

remedy is to spend some research effort in developing the new design approach

described in References 12 and 13, which were written to propose a modest annual

expenditure for research with concurrent physical testing over a period of

years, just as was done in the past work that resulted in Reference 3. The

result of even the first incremert of the needed research would be to strongly

impact the above shortcoaings, that is:

Reduce conservatism and construction cost;

Allow more deferable original construction by making future strength-

ening possible for most applications, at least easier for others, to meet

either original design blast levels or higher blast levels;

Eliminate the need for special courses for engineers preparing

protective designs, at least for the principal structural components that

require most of the design time and special training (e.g., learning dynamic

design, which is design for time-varying loads: specifically, peak loads

applied instantaneously then decaying rapidly to negative loads then to zero

loads - solving equations of motion, single-degree-of-freedom problems, etc.)

Provide answer& that include probability distributicns sufficient

for use in national attack studies, projected cost studies, etc.

The percentage value of improvements would increase as the assumed blast

levels increase.

uther specific areas in Reference 3 needing attention are as follows,

geared to that source:

CHAPTER 1
1. Update chapter, especially the Scope, p. 1-2

CHAPTER 2

2. Chapter's charts are sufficiently accurate for structural design and

other purposes with one sAception: Reference 14 pointed out that the Initial

Nuclear Radiation (INR) charts, neutron and combined neutron-ga-a, may be

slightly on the non-conservative side, based on interim results revealed by an
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ongoing FENA research project that is developing an INR Shelýer Analysis

procedyre, to parallel the long-available FSA (Fallout Shelte.- Analysis)

engineering method and its later simplifications. Check againsbt Reference 5

should be made.

CHAPTER 3

3. No known shortcomings, but the short chapter should be reviewed by

civil defense fire researchers, on TEMA staff or contractor (e.g., Stan

Martin).

CHAPTER 4

4. Update chapter to agree with current civil defense planning; e.g.,

the IR protective requirements, if [T weapons are contemplated, will control

R/C building design, rather than air blast protection, in many cases, more as

the weapon yield goes lover (a minimum thickness of, say, 14 in. for exterior

walls/exposed floor slabs may apply, at blast levels of 15 to 30 psi, to meet

INR requirements).
CHAPTER5

5. go updating needed.

CHAPTER 6

6. Comments 1, 2, and 4 above affect this chapter. Many changes should

be made in this chapter to update it, and the chapter will be heavily affected

by accomplishing the needed structural engineering research pointed out above

and in References 12 and 13. Other cosients dealing with portions of this

chapter follow.

7. Table 6.4, p. 6-14, needs current steels added to it by cross-

reference to p. 6-26.

8. Diagonal tension design, especially allowable stresses, is in the

chapter's first full design procedure on p. 6-37, item 10, and is an item of

all R/C design procedures in Reference 3. Updating of this design aspect will

probably oe rather simple, but should certainly be checked. For example,

Reference 15 has a 1985 update In Press; this update is understood1 6 to have

been based on the latest ACI Code 1 7 coverage of Shear (which now includes

diagonal tension) and Seismic Provisions (App. A), adapted to nuclear protec-

tive structures needs.

9. R/C design charts for one-way slabs, of which there are many in

Reference 3 starting with one on p. 6-", will have to be expanded in coverage,
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per comments 6 and perhaps 7 and/or 8 above, as well as having the existing

ones corrected if found necessary under comment 8.

10. R/C estimating charts for one-vay slabs (weight and thickness)

(starting with one on p. 6-45) need correction/expansion paralleling comment 9.

11. Re comments 9 and 10: Chart revisions may be necessary to accommo-

date design (strength and INK) against KT yield weapons, especially as yields

go lower (all R/C design/estimating charts of Reference 3 are for 1 MT yields

or higher).

12. Re comments 9 and 10: Accomplishment of the structural design

research recomended12"1 3 would make comments 9 and 10 inapplicable.

13. Wood beam design, in this chapter and later in Reference 3, as well

as in Reference 10, should be checked for needed corrections if effects of

lover KT weapons must be considered. Same comment applies to other wood design

(plywood and stressed-skin plywood panels) in References 3 and 10.

14. Steel plate design is subject to the same couments as in 13.

15. R/C design of two-way and flat slabs (p. 6-135 and -144) is subject

to most of the above comments relating to one-way slabs.

CHAPTERS 7 & 8

16. No updating needed; a comment viii cover the fact that older design

procedures were used to size structurel members, but that the effect on costs

is believed to be small, i.e., less than the inaccuracy inherent in extending

old estimates by tsing cost indexes. The illustrative value of the design

studies will be undiminished.

CHAPTER 9

17. Shortcomings unknown; need for updating/expansion should be deter-

mined by an EMP expert's review (working with a structural dynamics engineer).

CHAPTER 10

18. This Sumary chapter will need updating as changes are made pursuant

to the above coments.

CHAPTER 11

19. The Further Work coments should be considered, and revised if any

further research york is done on Combined Nuclear Effects Slanting.

20. All further pages of the chapter furnish data fundamental to struc-

tural dynamics design methods and need no changes.

J,
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APPENDICES

21. Data in the appendices viii be generally subject to the above

comments relating to each one's subject area in the main text. Project time

for further study of the appendices was unavailable.

GENERAL

22. Review should be made of AIA (American Institute of Architects)

design work done under FEDA contract in recent years: For application/

usefulneis of (Combined Nuclear Effects) Slanting guidance 3 ,10, 1 5 ; for possible

over-design by checking the AIA designs against ESE (Existing Structures

Evaluation) techniques developed for FEMA over the years; and, for recommenda-

tions for changes in both Slanting and ESE areas.
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APPENDIX D

DRAFT SHELTER LEGISLATION

The draft legislation below is couched as an amendment to the Federal

Civil Defense Act of 1950, as amended (50 U.S.C. App. 2251 et seq.). The

amendment 4dds two sections to Title II of the Act. The first section man-

dates shelter in Federal buildings. The second offers a flat incentive

payment to all other owners.

SHELTER IN FEDERAL STRUCTURES

"Section 208. (a) Public shelter shall be incorporated in all structures

"to be constructed in the future and owned or occupied by any department

or agency of the United States whether civilian or military, unless exempted

from such shelter requirement in accordance with the procedures and criteria

prescribed pursuant to subsection (b). Such shelter shall afford protection

against peacetime hazards and all appropriate nuclear weapons effects for

*. at least the normal occupants of the structure, 50 people, or in ten percent

of the structure's floor area, whichever is greater.

W (b) The President may prescribe rules and regulations to carry out

the provisions of subsection (a). Such rules and regulations shall make

provisions for the establishment of procedures and criteria for incorporating

appropriate public shelter in new buildings and other structures. Regulations

establishing exemptions shall be limited to the following bases for such
L* exemptions:

(1) The total floor area of the building, alteration, modification

or other structure is less than 5,00v square feet;

(2) The building is a residence containing less than five dwelling

units unless part of a larger residential development project;

(3) lht nmo construction is a residential development project

or subdivision containing less than twenty dwelling units;

(4) The proposed shelter would be in areas where additional

public shelter space is not required;
4

(5) The proposed structure would house hazardous materials or

processes that would make the incorpor -. jon of public shelter unwarranted

or Impractical;
a
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(6) The proposed incorporation of public shelter would seriously

impair the operational use of the structure and such use is required in

an emergency;

(7) The cY'.racteristics of a structure other than a building

(e.g., bridge, pipeline, tower) make the incorporation of public shelter

impractical;

(8) The structure will be located in a flood plain or storm

surge area as defined by the Federal Insurance Administration.

"(c) A statement that the incorporation of 3helter into any new

structure to be constructed has met the requirements of subsection (a) shall

be submitted to the Congrc a as a part of the authorization procedures for

new structures which may be required by other provisions of law.

"(d) There is hereby authorized to be appropriated annually not to

exceed $ to carr7 out the purposes of this section, to

remain availablu until expended.

SHELTER FINANCING

"Section 209. (a) The Administrator is authorized to make payments

on the basis of approved applications to States, to their political subdivi-

sions, or to instrumentalities of either, or to private institutions and

individuals which create public shelter in their new facilities. Such public

shelter must meet standards and criteria therefov, established under the

provisions of this Act and must be available to the public, without limita-

tion, in event of threat of attack or other hazard, in accordance with

local shelter use plans.

"(b) Payments made under subsection (A) shall be made at a flat rate

as follows:

(1) For all-effects shelter, $30.00 per square foot of available
spaes; i

(2) For fallout shelter, $6.00 per square foot of available

space:

these rates to be indexed yearly to reflect changes in construction costs..

"(c) Thire is hereby authorized to be appropriated annually not to

exceed $ to carry out the purposes of this section."
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